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ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɛɭɪɧɨ ɪɚɡɜɢɜɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ 
ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ. Ȼɟɫɩɪɨɜɨɞɧɵɟ ɰɢɮɪɨɜɵɟ ɤɨɦɦɭɧɢɤɚɰɢɢ ɨɱɟɧɶ ɛɵɫɬɪɨ 
ɫɬɚɥɢ ɩɨɩɭɥɹɪɧɵɦɢ. ɂ ɷɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɝɪɟɫɫ ɜ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɟ, 
ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜɵɩɭɫɤɚɬɶ ɜɫɟ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɫɪɟɞɫɬɜɚ ɛɟɫɩɪɨɜɨɞɧɨɣ 
ɫɜɹɡɢ. Ȼɭɦ ɫɨɬɨɜɨɣ ɫɜɹɡɢ, ɫɪɚɜɧɢɦɵɣ ɥɢɲɶ ɫ ɪɨɫɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉК ɢ 
ɪɚɡɜɢɬɢɟɦ ɂɧɬɟɪɧɟɬɚ, ɧɟ ɡɚɦɟɞɥɹɟɬɫɹ ɭɠɟ ɨɤɨɥɨ 25 ɥɟɬ. Ȼɵɫɬɪɵɦɢ ɬɟɦɩɚɦɢ 
ɪɚɡɜɢɜɚɸɬɫɹ ɩɟɪɫɨɧɚɥɶɧɵɟ ɢ ɥɨɤɚɥɶɧɵɟ ɫɟɬɢ, ɲɢɪɨɤɨ ɜɧɟɞɪɹɸɬɫɹ 
ɛɟɫɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɦɚɫɲɬɚɛɚ. 
Ɍɚɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɛɴɟɦɨɜ ɬɪɚɮɢɤɚ ɜ ɫɟɬɹɯ ɫɜɹɡɢ ɝɨɜɨɪɢɬ ɨ ɩɨɜɵɲɟɧɢɢ 
ɩɨɩɭɥɹɪɧɨɫɬɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɫɟɪɜɢɫɨɜ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɩɟɪɟɞɚɱɟɣ 
ɦɭɥɶɬɢɦɟɞɢɣɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɇɟ ɭɞɢɜɢɬɟɥɶɧɨ, ɱɬɨ ɨɩɟɪɚɬɨɪɵ ɫɬɚɪɚɸɬɫɹ ɤɚɤ 
ɦɨɠɧɨ ɛɵɫɬɪɟɟ ɩɟɪɟɣɬɢ ɤ ɫɢɫɬɟɦɚɦ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ. 
Ɍɪɚɞɢɰɢɨɧɧɵɟ ɩɪɨɜɨɞɧɵɟ ɫɟɬɢ ɜɫɟ ɟɳɟ ɫɨɫɬɚɜɥɹɸɬ ɨɫɧɨɜɭ 
ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɢ ɛɭɞɭɬ ɞɨɥɝɨ ɫɨɯɪɚɧɹɬɶ 
ɡɧɚɱɢɦɨɫɬɶ. ɇɨ ɨɧɢ ɪɚɡɜɢɜɚɸɬɫɹ ɫɥɢɲɤɨɦ ɦɟɞɥɟɧɧɨ ɢ ɧɟ ɜɫɟɝɞɚ ɭɫɩɟɜɚɸɬ ɡɚ 
ɫɩɪɨɫɨɦ. ɉɨɫɬɪɨɟɧɢɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ 
ɩɟɪɜɨɧɚɱɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɚ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ ɞɨɜɨɥɶɧɨ ɞɨɥɨɝ 
(ɦɧɨɝɢɟ ɝɨɞɵ).  
ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ ɜɫɟ ɲɢɪɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɫɧɨɜɚɧɵ ɧɚ ɬɟɯɧɨɥɨɝɢɹɯ ɪɚɞɢɨɞɨɫɬɭɩɚ. Ɉɧɢ 
ɜɨ ɦɧɨɝɨɦ ɫɜɨɛɨɞɧɵ ɨɬ ɷɬɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɢ ɬɪɟɛɭɸɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɧɚ ɷɬɚɩɟ ɫɨɡɞɚɧɢɹ ɛɚɡɨɜɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. 
ȼ Ɋɨɫɫɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɨɫɬɭɩɚ ɤ ɂɧɬɟɪɧɟɬɭ ɜɵɡɵɜɚɟɬ ɬɪɭɞɧɨɫɬɢ, ɜ 
ɨɫɧɨɜɧɨɦ, ɢɡ-ɡɚ ɨɛɲɢɪɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɢ. ȼ ɤɪɭɩɧɵɯ ɝɨɪɨɞɚɯ ɰɟɧɬɪɚɥɶɧɨɣ 
ɱɚɫɬɢ ɧɚɲɟɣ ɫɬɪɚɧɵ ɤ ɝɥɨɛɚɥɶɧɨɣ ɫɟɬɢ ɦɨɠɟɬ ɩɨɞɤɥɸɱɢɬɶɫɹ ɥɸɛɨɣ 
ɠɟɥɚɸɳɢɣ,  ɜɵɛɪɚɜ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɟɝɨ ɬɚɪɢɮ. ɉɪɢɱɟɦ ɭ ɝɨɪɨɞɫɤɨɝɨ 
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ɠɢɬɟɥɹ ɟɫɬɶ ɜɵɛɨɪ ɦɟɠɞɭ ɩɪɨɜɨɞɧɵɦ ɢ ɛɟɫɩɪɨɜɨɞɧɵɦ ɞɨɫɬɭɩɨɦ. ɇɨ ɜ 
ɧɟɤɪɭɩɧɵɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ ɞɟɥɨ ɨɛɫɬɨɢɬ 
ɧɚɦɧɨɝɨ ɯɭɠɟ. Ɉɩɟɪɚɬɨɪɵ ɫɜɹɡɢ ɧɟ ɫɬɪɟɦɹɬɫɹ ɢɯ ɛɨɥɟɟ ɬɟɥɟɮɨɧɢɡɢɪɨɜɚɬɶ ɢ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɭɫɥɭɝɢ ɞɨɫɬɭɩɚ ɜ ɂɧɬɟɪɧɟɬ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ, ɚ ɬɚ ɫɜɹɡɶ, 
ɱɬɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ, ɡɚɱɚɫɬɭɸ ɜɵɡɵɜɚɟɬ ɧɚɪɟɤɚɧɢɹ. Ɉɛɟɫɩɟɱɟɧɢɟ ɞɚɧɧɨɣ 
ɦɟɫɬɧɨɫɬɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦ ɜɵɯɨɞɨɦ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɜɚɠɧɵɯ ɚɫɩɟɤɬɨɜ ɪɚɡɜɢɬɢɹ ɭɫɥɭɝ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ ɜ Ɋɨɫɫɢɢ. 
Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɬɚɤ ɠɟ 
ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɪɢɬɨɤɭ ɦɨɥɨɞɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜɫɟɯ ɫɮɟɪ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɧɨ ɩɨɣɬɢ ɪɚɡɧɵɦɢ ɩɭɬɹɦɢ. Ɇɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ ɫɩɭɬɧɢɤɨɜɭɸ ɫɜɹɡɶ, ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɞɨɫɬɭɩ ɫ ɩɨɦɨɳɶɸ ɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɫɜɹɡɢ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ. 
ɋɩɭɬɧɢɤɨɜɵɣ ɞɨɫɬɭɩ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɤɨɪɨɫɬɶɸ ɢ ɫɥɢɲɤɨɦ ɞɨɪɨɝ. Ⱦɨɫɬɭɩ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɜɨɞɧɵɯ ɥɢɧɢɣ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɰɢɮɪɨɜɵɯ ȺɌɋ, 
ɧɨ ɩɨ ɞɚɧɧɵɦ Ɏɟɞɟɪɚɥɶɧɨɣ ɫɥɭɠɛɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɫɬɚɬɢɫɬɢɤɢ ɡɚ ɜɟɫɧɭ 
2016 ɝɨɞɚ ɰɢɮɪɨɜɢɡɚɰɢɹ ɦɟɫɬɧɨɫɬɢ ɫɬɪɚɧɵ ɫɨɫɬɚɜɢɥɚ ɧɟ ɛɨɥɟɟ 65% ɢ 
ɩɪɨɞɜɢɝɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɦɟɞɥɟɧɧɵɦɢ ɬɟɦɩɚɦɢ. Ⱦɨɫɬɭɩ ɫ ɩɨɦɨɳɶɸ ɦɨɛɢɥɶɧɨɣ 
ɫɜɹɡɢ ɫɬɚɥ ɜɨɡɦɨɠɟɧ ɛɥɚɝɨɞɚɪɹ ɫɬɚɧɞɚɪɬɚɦ EDGE/GSM ɢ UMTS/HSPA. ɇɨ 
ɫɤɨɪɨɫɬɶ ɩɟɪɜɨɝɨ ɫɥɢɲɤɨɦ ɦɚɥɚ ɞɥɹ ɤɨɦɮɨɪɬɧɨɣ ɪɚɛɨɬɵ ɜ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɚ 
ɞɟɣɫɬɜɢɟ ɜɬɨɪɨɝɨ ɡɚɱɚɫɬɭɸ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɞɚɧɧɭɸ ɦɟɫɬɧɨɫɬɶ.  ɗɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɞɜɭɦ ɩɪɢɱɢɧɚɦ: ɜɨ-ɩɟɪɜɵɯ, ɦɨɛɢɥɶɧɵɟ ɨɩɟɪɚɬɨɪɵ, ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ, ɫɬɚɪɚɸɬɫɹ ɨɯɜɚɬɢɬɶ ɝɨɪɨɞɫɤɭɸ ɦɟɫɬɧɨɫɬɶ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɫɬɪɚɧɵ 
ɢ, ɜɨ-ɜɬɨɪɵɯ, ɞɚɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɫɢɝɧɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ 1920-2100 ɆȽɰ ɧɟ 
ɜɵɫɨɤɚ, ɩɨɷɬɨɦɭ, ɱɬɨɛɵ ɨɯɜɚɬɢɬɶ ɛɨɥɶɲɢɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɢɞɟɬɫɹ ɫɬɪɨɢɬɶ 
ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɱɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɜɵɝɨɞɧɨ. 
Ɉɞɢɧ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ – ɷɬɨ ɩɨɫɬɪɨɟɧɢɟ ɫɟɬɟɣ ɫɨɬɨɜɨɣ 
ɩɨɞɜɢɠɧɨɣ ɪɚɞɢɨɫɜɹɡɢ ɱɟɬɜɟɪɬɨɝɨ ɩɨɤɨɥɟɧɢɹ (4G). ɋɚɦɵɣ ɩɨɞɯɨɞɹɳɢɣ 
ɫɬɚɧɞɚɪɬ 4G ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ - ɷɬɨ ɬɟɯɧɨɥɨɝɢɹ ɛɟɫɩɪɨɜɨɞɧɨɝɨ 




LTE (ɨɬ ɚɧɝɥ. Long Term Evolution – ɷɜɨɥɸɰɢɹ ɜ ɞɨɥɝɨɫɪɨɱɧɨɣ 
ɩɟɪɫɩɟɤɬɢɜɟ) – ɬɟɯɧɨɥɨɝɢɹ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɟɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ, ɫɨɡɞɚɧɧɚɹ ɜ 
ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɜ ɫɨɡɞɚɧɢɢ ɫɟɬɟɣ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ 3GPP 
(3G Partnership Project). Ɉɫɧɨɜɧɵɦɢ ɰɟɥɹɦɢ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ LTE 
ɹɜɥɹɸɬɫɹ: ɫɧɢɠɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɛɨɥɶɲɟɝɨ ɫɩɟɤɬɪɚ ɭɫɥɭɝ ɩɨ 
ɛɨɥɟɟ ɧɢɡɤɨɣ ɰɟɧɟ, ɩɨɜɵɲɟɧɢɟ ɝɢɛɤɨɫɬɢ ɫɟɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɠɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ. Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ ɫɬɚɧɞɚɪɬɚ LTE ɨɬ 
ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɧɨɦ ɩɨɫɬɪɨɟɧɢɢ ɫɟɬɢ 
ɧɚ ɛɚɡɟ IP-ɬɟɯɧɨɥɨɝɢɣ. Ɋɚɞɢɨɢɧɬɟɪɮɟɣɫ LTE ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɥɭɱɲɟɧɧɵɟ 
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜɤɥɸɱɚɹ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ ɛɨɥɟɟ 300 Ɇɛɢɬ/ɫ, ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɩɟɪɟɫɵɥɤɢ ɩɚɤɟɬɨɜ ɦɟɧɟɟ 5 ɦɫ, ɚ 
ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɫɩɟɤɬɪɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɫɬɚɧɞɚɪɬɚɦɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɦɨɛɢɥɶɧɨɝɨ 
ɞɨɫɬɭɩɚ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɹ (3G). 
ȼ ȼКɊ ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɦ ɨɛɴɟɤɬɨɦ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɩɥɚɧɢɪɨɜɚɬɶ ɫɟɬɶ LTE, ɜɵɛɪɚɧ ɝɨɪɨɞ ɂɫɤɢɬɢɦ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ.  
ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɟɣ 
ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 
ɦɭɥɶɬɢɫɟɪɜɢɫɧɵɯ ɭɫɥɭɝ ɧɚɫɟɥɟɧɢɸ ɝ. ɂɫɤɢɬɢɦ.  
Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɟɬɢ ɹɜɥɹɸɬɫɹ: 
 Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɫɜɹɡɢ ɢ ɦɟɬɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ 
ɚɛɨɧɟɧɬɫɤɨɝɨ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ; 
 ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ ɚɛɨɧɟɧɬɫɤɨɝɨ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 
ɂɧɬɟɪɧɟɬ ɜ ɝ. ɂɫɤɢɬɢɦ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ; 
 ȼɵɛɨɪ ɩɪɢɧɰɢɩɚ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɢ; 
 Ɋɚɫɱɟɬ ɧɚɝɪɭɡɨɤ ɢ ɡɨɧɵ ɪɚɞɢɨ ɩɨɤɪɵɬɢɹ 
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 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬ ɨɛɴɟɦɚ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ; 
 Ɋɚɫɫɦɨɬɪɟɧɢɟ ɜɨɩɪɨɫɨɜ ɩɨ ɷɤɨɥɨɝɢɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ; 
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1. ȺɇȺɅɂɁ ɂɇɎɊȺɋɌɊɍɄɌɍɊɕ ȽɈɊɈȾȺ ɂɋɄɂɌɂɆ 
ɇɈȼɈɋɂȻɂɊɋɄɈɃ ɈȻɅȺɋɌɂ 
1.1 ɗɤɫɩɥɢɤɚɰɢɹ ɨɛɴɟɤɬɚ 
 
        ɂɫɤɢɬɢɦ— ɝɨɪɨɞ ɜ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ Ɋɨɫcɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 
əɜɥɹɟɬɫɹ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɦ ɰɟɧɬɪɨɦ ɂɫɤɢɬɢɦɫɤɨɝɨ ɪɚɣɨɧɚ. Ɉɛɪɚɡɭɟɬ 
ɝɨɪɨɞɫɤɨɣ ɨɤɪɭɝ ɝɨɪɨɞ ɂɫɤɢɬɢɦ. ȼɯɨɞɢɬ ɜ ɇɨɜɨɫɢɛɢɪɫɤɭɸ ɚɝɥɨɦɟɪɚɰɢɸ.  
       ɑɢɫɥɟɧɧɨɫɬɶ ɧɚɫɟɥɟɧɢɹ ɧɚ 2016 ɝɨɞ ɪɚɜɧɚ 57416 ɱɟɥɨɜɟɤ. 
        ɉɥɨɳɚɞɶ ɂɫɤɢɬɢɦɚ – 29,9 ɤɦ2. 
        ɉɥɨɬɧɨɫɬɶ ɡɚɫɬɪɨɣɤɢ – ɜ ɨɛɳɟɦ ɫɪɟɞɧɹɹ, ɧɨ ɟɫɬɶ ɢ ɝɭɫɬɨɧɚɫɟɥёɧɧɵɟ 
ɪɚɣɨɧɵ, ɨɛɪɚɡɭɸɳɢɟ ɱɚɫɬɧɵɣ ɫɟɤɬɨɪ ɜ ɱɟɪɬɟ ɝɨɪɨɞɚ. 
        Ɋɟɥɶɟɮ ɞɚɧɧɨɣ ɦɟɫɬɧɨɫɬɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɪɚɜɧɢɧɧɵɣ. ȿɫɬɶ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɜɵɲɟɧɢɹ ɪɟɥɶɟɮɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɫɨɬɨɣ 1,5 – 2 ɦɟɬɪɚ. 
ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɟɬɢ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɥɨɯɢɦ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɪɚɞɢɨɫɢɝɧɚɥɚ ɢɡ-ɡɚ ɪɟɥɶɟɮɚ, ɧɟ ɧɚɣɞɟɧɨ. 
       ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɢɦɟɸɬɫɹ ɛɨɥɶɲɢɟ ɡɚɩɚɫɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɚɦɧɟɣ, 
ɢɡɜɟɫɬɧɹɤɚ ɢ ɝɥɢɧɢɫɬɨɝɨ ɫɥɚɧɰɚ. ɉɨɷɬɨɦɭ ɨɫɧɨɜɧɚɹ ɫɩɟɰɢɚɥɢɡɚɰɢɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɂɫɤɢɬɢɦɚ - ɩɪɨɢɡɜɨɞɫɬɜɨ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɳɟɛɟɧɶ, ɢɡɜɟɫɬɶ, ɰɟɦɟɧɬ, ɫɛɨɪɧɵɣ ɠɟɥɟɡɨɛɟɬɨɧ, 
ɲɢɮɟɪ, ɫɷɧɞɜɢɱ-ɩɚɧɟɥɢ. 
        Ɉɫɧɨɜɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɝɨɪɨɞɚ: ɰɟɦɟɧɬɧɵɣ ɡɚɜɨɞ, ɲɢɮɟɪɧɵɣ ɡɚɜɨɞ 
(ɡɚɜɨɞ ɚɫɛɟɫɬɨ-ɰɟɦɟɧɬɧɵɯ ɢɡɞɟɥɢɣ), ɡɚɜɨɞ «Ɍɟɩɥɨɩɪɢɛɨɪ», ɨɩɵɬɧɵɣ 
ɦɟɯɚɧɢɱɟɫɤɢɣ ɡɚɜɨɞ (ɡɚɤɪɵɬ), ɤɨɦɛɢɧɚɬ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɤɚɦɧɟɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɡɚɜɨɞ (ɂɫɤɢɬɢɦɆɪɚɦɨɪȽɪɚɧɢɬ), ɞɜɚ ɡɚɜɨɞɚ 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ, ɚɫɮɚɥɶɬɧɵɣ ɡɚɜɨɞ, ɢɡɜɟɫɬɧɹɤɨɜɵɣ ɤɚɪɶɟɪ, 
ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɡɚɜɨɞ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɜɨɥɨɤɧɚ, ɦɟɛɟɥɶɧɚɹ ɮɚɛɪɢɤɚ (ɡɚɤɪɵɬɚ), 
ɩɪɟɞɩɪɢɹɬɢɟ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɫɷɧɞɜɢɱ-ɩɚɧɟɥɟɣ. ɂɦɟɸɬɫɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɦɨɥɨɱɧɵɣ ɤɨɦɛɢɧɚɬ, ɯɥɟɛɨɤɨɦɛɢɧɚɬ, 
ɤɨɧɞɢɬɟɪɫɤɚɹ ɮɚɛɪɢɤɚ. 
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         ȼ ɂɫɤɢɬɢɦɟ 14 ɞɧɟɜɧɵɯ ɨɛɳɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɲɤɨɥ (ɜ ɬɨɦ ɱɢɫɥɟ 10 
ɫɪɟɞɧɢɯ), ɨɞɧɚ ɜɟɱɟɪɧɹɹ ɲɤɨɥɚ, ɮɢɥɢɚɥ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨ-
ɦɨɧɬɚɠɧɨɝɨ ɤɨɥɥɟɞɠɚ, ɦɟɞɢɰɢɧɫɤɢɣ ɬɟɯɧɢɤɭɦ, 2 ɲɤɨɥɵ ɢɫɤɭɫɫɬɜ.   ɂɦɟɟɬɫɹ 
ɧɟɫɤɨɥɶɤɨ ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɬɜ ɜɭɡɨɜ ɇɨɜɨɫɢɛɢɪɫɤɚ (ɮɢɥɢɚɥ ɇȽɌɍ, ɇȽɍɗɍ, 
ɇȽȺɋɍ).                                                                                                                                    
         Ɍɚɤɠɟ ɜ ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɦɟɬɪɚɯ ɨɬ ɂɫɤɢɬɢɦɚ ɧɚɯɨɞɢɬɫɹ ɭɱɟɛɧɵɣ ɰɟɧɬɪ 
(ɩɨɥɢɝɨɧ) ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɜɨɟɧɧɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜɧɭɬɪɟɧɧɢɯ ɜɨɣɫɤ ɆȼȾ ɊɎ 
(ɇȼɂ ȼȼ ɆȼȾ ɊɎ). 
         Кɭɥɶɬɭɪɧɵɟ ɭɱɪɟɠɞɟɧɢɹ ɂɫɤɢɬɢɦɚ:  ɞɜɨɪɟɰ ɤɭɥɶɬɭɪɵ «Ɋɨɫɫɢɹ»,  ɆȻɈɍ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɬɟɣ «Ⱦɟɬɫɤɚɹ ɦɭɡɵɤɚɥɶɧɚɹ ɲɤɨɥɚ», ɆȻɈɍ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɞɟɬɟɣ «Ⱦɟɬɫɤɚɹ ɲɤɨɥɚ ɢɫɤɭɫɫɬɜ», ɩɚɪɤ 
ɤɭɥɶɬɭɪɵ ɢ ɨɬɞɵɯɚ ɢɦ. ɂ.ȼ. Кɨɪɨɬɟɟɜɚ, ɆȻɍ ȾК «Ɇɨɥɨɞɨɫɬɶ», ɆȻɍ ȾК 
«Ɉɤɬɹɛɪɶ», ɆȻɍ ɤɭɥɶɬɭɪɵ «ɂɫɤɢɬɢɦɫɤɢɣ ɝɨɪɨɞɫɤɨɣ ɢɫɬɨɪɢɤɨ-
ɯɭɞɨɠɟɫɬɜɟɧɧɵɣ ɦɭɡɟɣ», ɆȻɍ «ɐɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ ɛɢɛɥɢɨɬɟɱɧɚɹ ɫɢɫɬɟɦɚ» 
(ɐɟɧɬɪɚɥɶɧɚɹ ɛɢɛɥɢɨɬɟɤɚ).  
ɋɩɨɪɬɤɨɦɩɥɟɤɫɵ ɝɨɪɨɞɚ: ɫɩɨɪɬɤɨɦɩɥɟɤɫ «Ɂɚɪɹ», Ȼɚɫɫɟɣɧ «Кɨɪɚɥɥ», 
ɫɩɨɪɬɤɨɦɩɥɟɤɫ «Ⱦɘɋɒ» (Ⱦɟɬɫɤɨ-ɸɧɨɲɟɫɤɚɹ ɫɩɨɪɬɢɜɧɚɹ ɲɤɨɥɚ), 
ɫɩɨɪɬɤɨɦɩɥɟɤɫ «ɘɛɢɥɟɣɧɵɣ». 
 
Ɋɢɫɭɧɨɤ 1.1 – ȼɢɞ ɝ. ɂɫɤɢɬɢɦ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ 
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1.2 Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɫɜɹɡɢ ɝ. ɂɫɤɢɬɢɦ 
 
           Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɟɞɥɚɝɚɟɦɵɣ ɩɚɤɟɬ ɭɫɥɭɝ ɦɭɥɶɬɢɫɟɪɜɢɫɧɨɣ ɫɟɬɢ 
ɫɜɹɡɢ ɧɚ ɛɚɡɟ LTE ɝ. ɂɫɤɢɬɢɦ ɜ ɧɨɜɨɣ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɢɦɟɥ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɢ ɛɵɥɢ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦɢ, ɬɪɟɛɭɟɬɫɹ ɜ ɧɚɱɚɥɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɭɸ ɫɟɬɶ ɫɜɹɡɢ: ɨɩɪɟɞɟɥɢɬɶ ɞɟɣɫɬɜɭɸɳɢɯ 
ɨɩɟɪɚɬɨɪɨɜ ɫɜɹɡɢ ɢ ɧɚɛɨɪ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɢɦɢ ɭɫɥɭɝ, ɚ ɬɚɤ ɠɟ ɜɵɹɫɧɢɬɶ 
ɬɟɯɧɨɥɨɝɢɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɞɟɣɫɬɜɭɸɳɢɟ ɨɩɟɪɚɬɨɪɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɫɜɨɢ 
ɭɫɥɭɝɢ ɚɛɨɧɟɧɬɚɦ ɫɟɬɢ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɝɨɪɨɞɟ ɂɫɤɢɬɢɦ ɧɟɩɥɨɯɨ  ɪɚɡɜɢɬ ɂɧɬɟɪɧɟɬ, 
ɩɪɨɜɨɞɧɨɟ ɩɨɤɪɵɬɢɟ ɨɯɜɚɬɵɜɚɟɬ ɩɨɱɬɢ ɜɟɫɶ ɝɨɪɨɞ, ɩɪɨɜɚɣɞɟɪɵ ɩɪɟɞɥɚɝɚɸɬ 
ɛɟɡɥɢɦɢɬɧɵɟ ɬɚɪɢɮɵ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɞɨ 100 Ɇɛɢɬ/ɫɟɤ.  
ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɂɫɤɢɬɢɦɟ ɧɚɫɱɢɬɵɜɚɟɬɫɹ 6 ɢɧɬɟɪɧɟɬ ɩɪɨɜɚɣɞɟɪɨɜ. 
Ɉɩɟɪɚɬɨɪɨɦ, ɜ ɧɚɢɛɨɥɶɲɟɣ ɦɟɪɟ ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɦ ɭɫɥɭɝɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ 
ɞɨɫɬɭɩɚ ɹɜɥɹɟɬɫɹ ɈȺɈ  “ Ɋɨɫɬɟɥɟɤɨɦ”. 
ɋɪɟɞɢ ɩɪɨɜɚɣɞɟɪɨɜ ɂɫɤɢɬɢɦɚ ɞɨɦɚɲɧɢɣ ɢɧɬɟɪɧɟɬ ɩɨɞɤɥɸɱɚɸɬ 5 
ɤɨɦɩɚɧɢɣ, ɢɧɬɟɪɧɟɬ ɜ ɨɮɢɫ – 3, ɜ ɱɚɫɬɧɵɣ ɫɟɤɬɨɪ – 2, ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɦɨɛɢɥɶɧɵɦ ɢɧɬɟɪɧɟɬɨɦ 2 ɩɪɨɜɚɣɞɟɪɚ. Ⱥɛɨɧɟɧɬɵ ɝɭɫɬɨɡɚɫɟɥɟɧɧɨɝɨ ɱɚɫɬɧɨɝɨ 
ɫɟɤɬɨɪɚ ɢɦɟɸɬ ɞɨɫɬɭɩ ɤ  ɝɥɨɛɚɥɶɧɨɣ ɫɪɟɞɟ Internet ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɯɧɨɥɨɝɢɢ 
HSDPA (High-Speed Downlink Packet Access —  ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ 
ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤ ɦɨɛɢɥɶɧɨɦɭ ɬɟɥɟɮɨɧɭ) ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 3G 
ɦɨɞɟɦɨɜ ɭ ɨɩɟɪɚɬɨɪɨɜ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ «ɆɌɋ» ɢ «Ɍɟɥɟ2». 
     Ɉɞɧɚɤɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɦɭɥɶɬɢɫɟɪɜɢɫɧɵɟ ɭɫɥɭɝɢ ɫɜɹɡɢ ɩɨ 
ɛɟɫɩɪɨɜɨɞɧɵɦ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɤɚɧɚɥɚɦ ɜɫɟɦ ɠɢɬɟɥɹɦ ɝɨɪɨɞɚ ɨɩɟɪɚɬɨɪɵ 
ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɧɟ ɦɨɝɭɬ, ɬɚɤ ɤɚɤ ɤɚɧɚɥɵ ɫɜɹɡɢ ɜ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɩɨɥɨɫɧɵ, ɢ ɩɟɪɟɞɚɱɚ ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɤɨɧɬɟɧɬɚ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɭɥɶɬɢɫɟɪɜɢɫɧɵɯ ɭɫɥɭɝ ɫɜɹɡɢ 
ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɩɨɥɨɫɧɵɟ ɱɚɫɬɨɬɧɵɟ ɤɚɧɚɥɵ, ɱɬɨ ɧɟ 
ɪɟɚɥɢɡɭɟɦɨ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɚɛɟɥɶɧɨɣ ɫɢɫɬɟɦɟ. ɉɪɨɤɥɚɞɵɜɚɬɶ ɧɨɜɭɸ 
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ɤɚɛɟɥɶɧɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɩɨɷɬɨɦɭ 
ɨɱɟɜɢɞɧɨ ɩɪɢɦɟɧɟɧɢɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ 
ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɰɟɥɟɣ ɩɪɨɟɤɬɚ. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 
ɧɟɫɤɨɥɶɤɨ ɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɱɢɬɚɸɬɫɹ 
WiMAX ɫɬɚɧɞɚɪɬɚ IEEE 802.16e (Mobile WiMAX) ɢ LTE Advance Release 8.0. 
ȼ ɫɜɹɡɢ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜɵɲɟ ɚɪɝɭɦɟɧɬɚɦɢ ɩɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɪɚɡɪɚɛɨɬɚɬɶ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ  ɪɟɚɥɢɡɨɜɚɬɶ ɢɡ ɢɦɟɸɳɢɯɫɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
ɦɟɬɨɞɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɫɨɜɪɟɦɟɧɧɵɣ ɜɢɞ 
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2. ɈȻɁɈɊ ɂ ɈɋɇɈȼɇɕȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ɌȿɏɇɈɅɈȽɂɂ LTE  
2.1 Ʉɪɚɬɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɨɥɨɝɢɢ LTE 
  
[ɋɬɚɧɞɚɪɬ LTE ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɥɚɞɚɸɳɢɣ ɛɨɥɶɲɨɣ ɝɢɛɤɨɫɬɶɸ 
ɷɮɢɪɧɵɣ ɢɧɬɟɪɮɟɣɫ. Ɍɢɩ ɫɟɬɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ E-UTRAN – Evolved Universal 
Terrestrial Radio Access Network (ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɧɚɡɟɦɧɚɹ 
ɫɟɬɶ ɪɚɞɢɨɞɨɫɬɭɩɚ). ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɯɧɨɥɨɝɢɢ LTE. 
1. Ɍɟɯɧɨɥɨɝɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɞɨɫɬɭɩɚ: 
 ɩɪɹɦɨɣ ɤɚɧɚɥ (Downlink – DL) – OFDMA; 
        ɨɛɪɚɬɧɵɣ ɤɚɧɚɥ (Uplink – UL) – SC-FDMA; 
2. Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ: 450 ɆȽɰ; 700 ɆȽɰ; 800 ɆȽɰ; 
1800 ɆȽɰ; 2,1 ȽȽɰ; 2,4 - 2,5 ȽȽɰ; 2,6 - 2,7 ȽȽɰ. 
3. Ȼɢɬɨɜɚɹ ɫɤɨɪɨɫɬɶ: 
 ɩɪɹɦɨɣ ɤɚɧɚɥ (DL) MIMO 2TX×2RX: 100 - 300 Ɇɛɢɬ/ɫ; 
 ɨɛɪɚɬɧɵɣ ɤɚɧɚɥ (UL): 50 - 172,8 Ɇɛɢɬ/ɫ. 
4. ɒɢɪɢɧɚ ɩɨɥɨɫɵ ɪɚɞɢɨɤɚɧɚɥɚ: 1,4 - 20 ɆȽɰ. 
5. Ɋɚɞɢɭɫ ɹɱɟɣɤɢ: 5 – 30 ɤɦ. 
6. ȿɦɤɨɫɬɶ ɹɱɟɣɤɢ (ɤɨɥɢɱɟɫɬɜɨ ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɚɛɨɧɟɧɬɨɜ): 
 ɛɨɥɟɟ 200 ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɪɢ ɩɨɥɨɫɟ 5 ɆȽɰ; 
 ɛɨɥɟɟ 400 ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɪɢ ɩɨɥɨɫɟ ɛɨɥɶɲɟ 5 ɆȽɰ. 
7. Ɇɨɛɢɥɶɧɨɫɬɶ: ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɞɨ 250 ɤɦ/ɱ. 
8. ɉɚɪɚɦɟɬɪɵ MIMO: 
 ɩɪɹɦɨɣ ɤɚɧɚɥ (DL): 2TX×2RX, 4TX×4RX; 
 ɨɛɪɚɬɧɵɣ ɤɚɧɚɥ (UL): 2TX×2RX. 
9. Ɂɚɧɚɱɟɧɢɟ ɡɚɞɟɪɠɤɢ (latency): 5ɦɫ. 
10. ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ: 5 ɛɢɬ/ɫɟɤ/Ƚɰ. 
11. ɉɨɞɞɟɪɠɢɜɚɟɦɵɟ ɬɢɩɵ ɦɨɞɭɥɹɰɢɢ: 
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 ɩɪɹɦɨɣ ɤɚɧɚɥ (DL): 64 QAM, QPSK, 16 QAM. 
 ɨɛɪɚɬɧɵɣ ɤɚɧɚɥ (UL): QPSK, 16 QAM. 
12. Ⱦɭɩɥɟɤɫɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɤɚɧɚɥɨɜ: FDD, TDD. 
2.2 ɋɟɬɟɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɬɚɧɞɚɪɬɚ LTE 
 
Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ LTE ɪɚɡɪɚɛɨɬɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɩɨɞɞɟɪɠɤɭ ɩɚɤɟɬɧɨɝɨ ɬɪɚɮɢɤɚ ɫ «ɛɟɫɲɨɜɧɨɣ» ɦɨɛɢɥɶɧɨɫɬɶɸ, ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɡɚɞɟɪɠɤɚɦɢ ɞɨɫɬɚɜɤɢ ɩɚɤɟɬɨɜ ɢ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɚɱɟɫɬɜɚ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɫɬɚɧɞɚɪɬɚ LTE ɛɵɥɢ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɭɩɪɨɳɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ ɢ ɢɫɤɥɸɱɟɧɢɟ 
ɞɭɛɥɢɪɭɸɳɢɯ ɮɭɧɤɰɢɣ ɫɟɬɟɜɵɯ ɩɪɨɬɨɤɨɥɨɜ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɫɢɫɬɟɦɵ 3G 
UMTS. 
 
Ɋɢɫɭɧɨɤ 2.1 - Ɉɛɨɛɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ LTE 
ȼ ɚɪɯɢɬɟɤɬɭɪɟ ɫɬɚɧɞɚɪɬɚ LTE ɜɫɟ ɫɟɬɟɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɪɨɢɫɯɨɞɢɬ 
ɦɟɠɞɭ ɞɜɭɦɹ ɭɡɥɚɦɢ: ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ (eNB) ɢ ɛɥɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ 
ɦɨɛɢɥɶɧɨɫɬɶɸ (MME), ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɟɬɟɜɨɣ ɲɥɸɡ GW 
(Gateway). 
ɇɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɫɟɬɶ LTE ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ: ɫɟɬɢ 
ɪɚɞɢɨɞɨɫɬɭɩɚ E-UTRAN ɢ ɛɚɡɨɜɨɣ ɫɟɬɢ SAE (System Architecture Evolution). 
ɋɟɬɶ E-UTRAN ɫɨɫɬɨɢɬ ɢɡ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ eNB. Ȼɚɡɨɜɵɟ ɫɬɚɧɰɢɢ 
ɹɜɥɹɸɬɫɹ ɷɥɟɦɟɧɬɚɦɢ ɩɨɥɧɨɫɜɹɡɧɨɣ ɫɟɬɢ ɢ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ 
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ɩɪɢɧɰɢɩɭ «ɤɚɠɞɵɣ ɫ ɤɚɠɞɵɦ». ɇɚ eNB ɜ ɫɟɬɹɯ LTE ɜɨɡɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɮɭɧɤɰɢɢ: ɭɩɪɚɜɥɟɧɢɟ ɪɚɞɢɨɪɟɫɭɪɫɚɦɢ, ɲɢɮɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ 
ɞɚɧɧɵɯ, ɦɚɪɲɪɭɬɢɡɚɰɢɹ ɜ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɩɥɨɫɤɨɫɬɢ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ ɤ ɨɛɫɥɭɠɢɜɚɸɳɟɦɭ ɲɥɸɡɭ, ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɹ ɢ ɩɟɪɟɞɚɱɚ 
ɜɵɡɵɜɧɨɣ ɢ ɜɟɳɚɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɢɡɦɟɪɟɧɢɟ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɨɬɱɟɬɨɜ ɞɥɹ 
ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ. 
 
Ɋɢɫɭɧɨɤ 2.2 - Ⱥɪɯɢɬɟɤɬɭɪɚ ɛɚɡɨɜɨɣ ɫɟɬɢ SAE 
Ȼɚɡɨɜɚɹ ɫɟɬɶ SAE, ɧɚɡɵɜɚɟɦɚɹ ɟɳɟ EPC (Evolved Packet Core), ɫɨɞɟɪɠɢɬ 
ɭɡɥɵ MME/UPE, ɫɨɫɬɨɹɳɢɟ ɢɡ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɆɆȿ ɢ UPE. 
Ʌɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ MME (Mobility Management Entity) ɨɬɜɟɱɚɟɬ ɡɚ ɪɟɲɟɧɢɟ 
ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɚɛɨɧɟɧɬɫɤɨɝɨ ɬɟɪɦɢɧɚɥɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ 
ɫ ɛɚɡɨɜɵɦɢ ɫɬɚɧɰɢɹɦɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɨɤɨɥɨɜ ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ C-plane. 
Кɪɨɦɟ ɷɬɨɝɨ, MME ɪɚɫɩɪɟɞɟɥɹɟɬ ɫɨɨɛɳɟɧɢɹ ɜɵɡɨɜɚ (paging) ɤ eNB, 
ɭɩɪɚɜɥɹɟɬ ɩɪɨɬɨɤɨɥɚɦɢ ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ, ɧɚɡɧɚɱɚɟɬ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ 
ɚɛɨɧɟɧɬɫɤɢɦ ɬɟɪɦɢɧɚɥɚɦ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɫɟɬɢ, ɩɪɨɜɟɪɹɟɬ 
ɩɨɞɥɢɧɧɨɫɬɶ ɫɨɨɛɳɟɧɢɣ ɚɛɨɧɟɧɬɨɜ ɢ ɭɩɪɚɜɥɹɟɬ ɪɨɭɦɢɧɝɨɦ. 
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Ʌɨɝɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ UPE (User Plane Entity) ɨɬɜɟɱɚɟɬ ɡɚ ɩɟɪɟɞɚɱɭ 
ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɨɝɥɚɫɧɨ ɩɪɨɬɨɤɨɥɚɦ ɩɥɨɫɤɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ U-plane. 
ɗɥɟɦɟɧɬ UPE ɜɵɩɨɥɧɹɟɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: ɫɠɚɬɢɟ ɡɚɝɨɥɨɜɤɨɜ IP-
ɩɪɨɬɨɤɨɥɨɜ, ɲɢɮɪɨɜɚɧɢɟ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ, ɬɟɪɦɢɧɚɰɢɸ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ. 
Ⱥɪɯɢɬɟɤɬɭɪɚ ɛɚɡɨɜɨɣ ɫɟɬɢ SAE ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɤɟɬɧɵɣ PS-ɞɨɦɟɧ 
ɫɢɫɬɟɦɵ LTE, ɤɨɬɨɪɵɣ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɤɚɤ ɝɨɥɨɫɨɜɵɟ, ɬɚɤ ɢ ɜɫɸ ɫɨɜɨɤɭɩɧɨɫɬɶ 
IP-ɭɫɥɭɝ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɣ ɩɚɤɟɬɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɞɚɧɧɵɯ. ȼ ɨɫɧɨɜɭ 
ɛɚɡɨɜɨɣ ɫɟɬɢ SAE ɩɨɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ «ɜɫɟ ɱɟɪɟɡ IP» ɢ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, 
ɱɬɨ ɞɨɫɬɭɩ ɤ ɧɟɣ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɤɚɤ ɱɟɪɟɡ ɫɟɬɢ ɪɚɞɢɨɞɨɫɬɭɩɚ ɜɬɨɪɨɝɨ 
ɢ ɬɪɟɬɶɟɝɨ ɩɨɤɨɥɟɧɢɣ (UTRAN/GERAN), ɬɚɤ ɢ ɱɟɪɟɡ ɫɟɬɢ ɧɟ-3GPP (WiMAX, 
Wi-Fi), ɚ ɬɚɤ ɠɟ ɱɟɪɟɡ ɫɟɬɢ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɪɨɜɨɞɧɵɟ IP-ɬɟɯɧɨɥɨɝɢɢ 
(ADSL+, FTTH). 
2.3 Ɋɚɞɢɨɢɧɬɟɪɮɟɣɫ ɫɟɬɢ LTE 
 
Ɋɚɞɢɨɢɧɬɟɪɮɟɣɫ ɫɟɬɢ LTE E-UTRAN ɩɨɞɞɟɪɠɢɜɚɟɬ ɨɛɚ ɦɟɬɨɞɚ 
ɞɭɩɥɟɤɫɧɨɝɨ ɪɚɡɧɟɫɟɧɢɹ ɤɚɧɚɥɨɜ: ɱɚɫɬɨɬɧɵɣ FDD ɢ ɜɪɟɦɟɧɧɨɣ TDD. 
Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɟɬɟɣ LTE ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɱɚɫɬɨɬɧɵɯ 
ɞɢɚɩɚɡɨɧɚɯ ɫ ɪɚɡɥɢɱɧɨɣ ɲɢɪɢɧɨɣ. ɋɢɝɧɚɥɵ ɧɢɫɯɨɞɹɳɟɝɨ ɢ ɜɨɫɯɨɞɹɳɟɝɨ 
ɧɚɩɪɚɜɥɟɧɢɣ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɩɨɥɨɫɵ ɨɬ 1,4 ɞɨ 20 ɆȽɰ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɚɤɬɢɜɧɵɯ ɪɟɫɭɪɫɧɵɯ ɛɥɨɤɨɜ. ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɜɨɫɯɨɞɹɳɟɦ ɢ ɧɢɫɯɨɞɹɳɟɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɪɝɚɧɢɡɨɜɚɧɚ ɜ ɤɚɞɪɚɯ, 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ ɪɚɜɧɚ 10 ɦɫ. Кɚɞɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɛɨɥɟɟ ɦɟɥɤɢɟ 
ɜɪɟɦɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ – ɫɥɨɬɵ. 
ȼ ɪɟɠɢɦɟ ɫ ɱɚɫɬɨɬɧɵɦ ɪɚɡɧɟɫɟɧɢɟɦ FDD ɤɚɞɪ ɞɟɥɢɬɫɹ ɧɚ 20 ɫɥɨɬɨɜ, 
ɧɭɦɟɪɭɟɦɵɟ ɨɬ ɧɭɥɟɜɨɝɨ ɞɨ 19-ɝɨ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ 
0,5 ɦɫ. ȼ ɪɟɠɢɦɟ FDD ɜɪɟɦɟɧɧɨɣ ɪɟɫɭɪɫ ɜ ɩɪɟɞɟɥɚɯ ɤɚɞɪɚ ɪɚɡɞɟɥɟɧ ɩɨɩɨɥɚɦ 
ɞɥɹ ɩɟɪɟɞɚɱɢ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɏɢɡɢɱɟɫɤɢɟ ɤɚɧɚɥɵ ɜ 
ɪɟɠɢɦɟ FDD ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢɦɟɸɬ ɨɛɹɡɚɬɟɥɶɧɵɣ 
ɞɭɩɥɟɤɫɧɵɣ ɪɚɡɧɨɫ. Ɋɟɠɢɦ ɜɪɟɦɟɧɧɨɝɨ ɪɚɡɧɟɫɟɧɢɹ ɤɚɧɚɥɨɜ TDD ɢɦɟɟɬ 
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ɚɫɢɧɯɪɨɧɧɭɸ ɩɪɢɪɨɞɭ. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɜ ɪɟɠɢɦɟ TDD ɩɪɨɢɫɯɨɞɢɬ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɜ ɨɞɧɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɚ ɜ ɥɢɧɢɢ «ɜɧɢɡ» ɫɟɬɢ E-UTRAN 
ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɞɨɫɬɭɩɚ OFDMA – 
ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟ ɫ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɱɚɫɬɨɬɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ. Ɉɞɧɚ ɢɡ 
ɨɫɧɨɜɧɵɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ OFDMA ɹɜɥɹɟɬɫɹ ɛɨɪɶɛɚ ɫ 
ɩɨɦɟɯɚɦɢ, ɜɵɡɜɚɧɧɵɯ ɦɧɨɝɨɥɭɱɟɜɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɫɢɝɧɚɥɚ, ɬɚɤ ɤɚɤ 
OFDM-ɫɢɝɧɚɥ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɦɧɨɠɟɫɬɜɨ ɦɟɞɥɟɧɧɨ ɦɨɞɭɥɢɪɭɟɦɵɯ 
ɭɡɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ, ɚ ɧɟ ɤɚɤ ɨɞɢɧ ɛɵɫɬɪɨ ɦɨɞɭɥɢɪɭɟɦɵɣ 
ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ ɫɢɝɧɚɥ. Ɍɟɯɧɨɥɨɝɢɹ OFDM ɨɫɧɨɜɚɧɚ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɦɧɨɝɨɱɚɫɬɨɬɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɦɧɨɠɟɫɬɜɚ ɩɨɞɧɟɫɭɳɢɯ ɱɚɫɬɨɬ. ɉɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ OFDM-ɫɢɝɧɚɥɚ ɩɨɬɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɫɢɦɜɨɥɨɜ ɞɥɢɬɟɥɶɧɨɫɬɶɸ Ɍɢ/N ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɛɥɨɤɢ, ɫɨɞɟɪɠɚɳɢɟ N 
ɫɢɦɜɨɥɨɜ; Ɍɢ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɞɧɨɝɨ ɫɢɦɜɨɥɚ. Ȼɥɨɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɦɜɨɥɨɜ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɛɥɨɤ ɩɚɪɚɥɥɟɥɶɧɵɯ ɫɢɦɜɨɥɨɜ, ɜ 
ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɫɢɦɜɨɥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɚɫɬɨɬɟ ɦɧɨɝɨɱɚɫɬɨɬɧɨɝɨ ɫɢɝɧɚɥɚ. 
 
Ɋɢɫɭɧɨɤ 2.3 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ OFDM-ɫɢɝɧɚɥɚ 
ȼ ɥɢɧɢɢ «ɜɧɢɡ» ɫɟɬɢ E-UTRAN ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ 
ɦɨɞɭɥɹɰɢɢ: QPSK, 16 QAM, 64 QAM. ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ OFDM/QAM-
ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɫɤɪɟɬɧɨɟ ɨɛɪɚɬɧɨɟ ɛɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ 
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(ɈȻɉɎ). Ɏɨɪɦɢɪɨɜɚɧɢɟ OFDM-ɫɢɝɧɚɥɚ ɜ ɩɟɪɟɞɚɬɱɢɤɟ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɫɟɬɢ 
LTE E-UTRAN ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɦɟɠɫɢɦɜɨɥɶɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɰɢɤɥɢɱɟɫɤɢɟ ɩɪɟɮɢɤɫɵ ɐɉ (ɋɊ). ɉɪɢɦɟɧɹɸɬ ɤɨɪɨɬɤɢɟ ɢ ɞɥɢɧɧɵɟ ɩɪɟɮɢɤɫɵ, 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɤɨɬɨɪɵɯ 4,7 ɦɤɫ ɢ 16,7 ɦɤɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ⱦɥɹ ɥɢɧɢɢ «ɜɧɢɡ» ɫɟɬɢ E-UTRAN ɨɩɪɟɞɟɥɟɧɵ ɬɪɢ ɮɢɡɢɱɟɫɤɢɟ ɢ ɱɟɬɵɪɟ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɤɚɧɚɥɨɜ: 
 PDCCH (Physical Downlink Control Channel) – ɮɢɡɢɱɟɫɤɢɣ ɤɚɧɚɥ 
ɭɩɪɚɜɥɟɧɢɹ «ɜɧɢɡ»; 
 PDSCH (Physical Downlink Shared Channel) – ɨɛɳɢɣ 
ɬɪɚɧɫɩɨɪɬɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɤɚɧɚɥ ɥɢɧɢɢ «ɜɧɢɡ», ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɦɭɥɶɬɢɦɟɞɢɚ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ; 
 ɋɋɊɋɇ (Common Control Physical Channels) – ɨɛɳɢɣ ɮɢɡɢɱɟɫɤɢɣ 
ɤɚɧɚɥ ɭɩɪɚɜɥɟɧɢɹ, ɩɟɪɟɞɚɟɬ ɫɥɭɠɟɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ; 
 ȼɋɇ (Broadcast Cannel) – ɬɪɚɧɫɩɨɪɬɧɵɣ ɜɟɳɚɬɟɥɶɧɵɣ ɤɚɧɚɥ; 
 
 Ɋɋɇ (Paging Cannel) – ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɚɧɚɥ ɜɵɡɨɜɚ (ɩɟɣɞɠɢɧɝɚ); 
 DL-SCH (Downlink Shared Channel) – ɨɛɳɢɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɚɧɚɥ 
ɥɢɧɢɢ «ɜɧɢɡ»; 
 MCH ( Multicast Channel) – ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɚɧɚɥ ɜɟɳɚɧɢɹ ɜ 
ɝɪɭɩɩɟ. 
ȼ ɥɢɧɢɢ «ɜɜɟɪɯ» ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɚ ɫɟɬɢ LTE E-UTRAN ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɬɟɯɧɨɥɨɝɢɹ SC-FDMA (Single Carrier-Frequency Division Multiple Access) – 
ɦɧɨɠɟɫɬɜɟɧɧɵɣ ɞɨɫɬɭɩ ɫ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟɦ ɫ ɱɚɫɬɨɬɧɵɦ ɪɚɡɧɟɫɟɧɢɟɦ 
ɩɟɪɟɞɚɱɢ ɧɚ ɨɞɧɨɣ ɧɟɫɭɳɟɣ. ɋɯɟɦɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ 
SC-FDMA ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4.




Ɋɢɫɭɧɨɤ 2.4 - ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ SC-FDMA 
Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɥɢɧɢɢ «ɜɜɟɪɯ» 
ɫɟɬɢ E-UTRAN ɜɜɨɞɹɬɫɹ ɰɢɤɥɢɱɟɫɤɢɟ ɩɪɟɮɢɤɫɵ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɟ ɷɤɜɚɥɚɣɡɟɪɵ ɜ ɩɪɢɟɦɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ ɦɟɠɞɭ ɚɛɨɧɟɧɬɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɪɟɫɭɪɫɧɵɦɢ ɛɥɨɤɚɦɢ, ɤɚɠɞɨɦɭ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɨɫɚ ɱɚɫɬɨɬ 180 
ɤȽɰ, ɱɬɨ ɩɪɢ ɪɚɡɧɨɫɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɩɨɞɧɟɫɭɳɢɦɢ ɱɚɫɬɨɬɚɦɢ ɜ 15 ɤȽɰ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ 12 ɩɨɞɧɟɫɭɳɢɦ. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɵɯ ɪɟɫɭɪɫɧɵɯ ɛɥɨɤɨɜ ɡɚɜɢɫɢɬ ɨɬ 
ɜɵɞɟɥɟɧɢɹ ɫɢɫɬɟɦɟ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 
20 ɆȽɰ. ȼ ɥɢɧɢɢ «ɜɜɟɪɯ» ɫɟɬɢ LTE E-UTRAN ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢ ɮɢɡɢɱɟɫɤɢɯ 
ɢ ɞɜɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɤɚɧɚɥɨɜ: 
 PRACH (Physical Random Access Channel) – ɮɢɡɢɱɟɫɤɢɣ ɤɚɧɚɥ 
ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɞɨɫɬɭɩɚ; 
 PUCCH (Physical Uplink Control Channel) – ɮɢɡɢɱɟɫɤɢɣ ɤɚɧɚɥ 
ɭɩɪɚɜɥɟɧɢɹ «ɜɜɟɪɯ»; 
 PUSCH (Physical Uplink Shared Channel) – ɮɢɡɢɱɟɫɤɢɣ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɚɧɚɥ ɥɢɧɢɢ «ɜɜɟɪɯ»; 
 RACH (Random Access Channel) – ɬɪɚɧɫɩɨɪɬɧɵɣ ɤɚɧɚɥ ɫɥɭɱɚɣɧɨɝɨ 
ɞɨɫɬɭɩɚ; 
 UL-SCH (Uplink Shared Channel) – ɫɨɜɦɟɳɟɧɧɵɣ ɤɚɧɚɥ ɥɢɧɢɢ 
«ɜɜɟɪɯ». 
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2.4 Ɋɚɞɢɨɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɬɟɯɧɨɥɨɝɢɢ LTE 
Ɋɚɛɨɱɢɦɢ ɝɪɭɩɩɚɦɢ ɉɚɪɬɧɟɪɫɤɨɝɨ ɩɪɨɟɤɬɚ 3GPP ɢ ETSI ɜ ɬɟɯɧɢɱɟɫɤɢɯ 
ɫɩɟɰɢɮɢɤɚɰɢɹɯ ɞɥɹ LTE ɨɩɪɟɞɟɥɟɧɵ 17 ɩɨɥɨɫ ɪɚɞɢɨɱɚɫɬɨɬ ɞɥɹ ɪɟɠɢɦɚ 
ɱɚɫɬɨɬɧɨɝɨ ɞɭɩɥɟɤɫɚ FDD ɢ 8 ɩɨɥɨɫ ɞɥɹ ɪɟɠɢɦɚ ɜɪɟɦɟɧɧɨɝɨ ɞɭɩɥɟɤɫɚ TDD, 
ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 




Ⱦɢɚɩɚɡɨɧ ɱɚɫɬɨɬ, ɆȽɰ 




1 2 3 
1 1920 – 1980 2110 - 2170 FDD 
2 1850 – 1910 1930 – 1990 FDD 
3 1710 – 1785 1805 – 1880 FDD 
4 1710 – 1755 2110 – 2155 FDD 
5 824 – 849 869 – 894 FDD 
6 830 – 840 875 – 885 FDD 
7 2500 – 2570 2620 – 2690 FDD 
8 880 – 915 925 – 960 FDD 
9 1749,9 – 1784,9 1844,9 – 1879,9 FDD 
10 1710 – 1770 2110 – 2170 FDD 
11 1427,9 – 1452,9 1475 – 1500,9 FDD 
12 698 – 716 728 – 746 FDD 
13 777 – 787 746 – 756 FDD 
14 788 – 798 758 – 768 FDD 
17 704 – 716 734 – 746 FDD 
18 815 – 830 860 – 875 FDD 
19 830 – 845 875 – 890 FDD 
33 1900 – 1920 TDD 
34 2010 – 2025 TDD 
35 1850 – 1910 TDD 
36 1930 – 1990 TDD 
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  Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
1 2 3 
37 1910 – 1930 TDD 
38 2570 – 2620 TDD 
39 1880 – 1920 TDD 
40 2300 – 2400 TDD 
 
ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɞɢɚɩɚɡɨɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɫɟɬɟɣ 
LTE, ɭɠɟ ɨɫɜɨɟɧɵ ɢɥɢ ɨɫɜɚɢɜɚɸɬɫɹ ɜ Ɋɨɫɫɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫɟɬɟɣ ɦɨɛɢɥɶɧɨɣ 
ɫɜɹɡɢ ɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɨɷɬɨɦɭ, ɫɨɡɞɚɧɢɟ ɜ 
Ɋɨɫɫɢɢ LTE-ɫɟɬɟɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɪɭɞɧɨɫɬɹɦɢ ɫ ɜɵɛɨɪɨɦ ɢ ɩɨɥɭɱɟɧɢɟɦ 
ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɛɭɞɭɳɟɟ ɜɧɟɞɪɟɧɢɹ ɫɟɬɟɣ LTE ɜ Ɋɨɫɫɢɢ ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 
ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɧɚ ɨɫɧɨɜɟ 
ɧɚɰɢɨɧɚɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɟɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɢ ɩɟɪɟɩɥɚɧɢɪɨɜɚɧɢɹ. 
Ɋɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 21 ɹɧɜɚɪɹ 
2011 ɝɨɞɚ № 57-ɪ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɞɥɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɪɚɞɢɨɬɟɯɧɨɥɨɝɢɣ, ɜɤɥɸɱɚɹ LTE. ɗɬɨ ɞɢɚɩɚɡɨɧɵ 800 – 900 ɆȽɰ; 2,3 – 2,4 ȽȽɰ; 
2,5 – 2,7 ȽȽɰ. 8 ɫɟɧɬɹɛɪɹ 2011 ɝɨɞɚ ɧɚ ɡɚɫɟɞɚɧɢɢ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɤɨɦɢɫɫɢɢ 
ɩɨ ɪɚɞɢɨɱɚɫɬɨɬɚɦ (ȽКɊɑ) ɩɨɥɨɫɵ ɪɚɞɢɨɱɚɫɬɨɬ 791 – 862 ɆȽɰ, 
2500 – 2690 ɆȽɰ, 2300 – 2400 ɆȽɰ ɨɩɪɟɞɟɥɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫɟɬɟɣ ɫɜɹɡɢ LTE ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɟɝɨ 
ɦɨɞɢɮɢɤɚɰɢɣ. 
2.5 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɬɚɧɞɚɪɬɚ LTE ɫ UMTS/GSM ɢ ɫɬɚɧɞɚɪɬɚɦɢ ɧɟ-
3GPP 
 
ɉɨɞɞɟɪɠɤɚ ɦɨɛɢɥɶɧɨɫɬɢ ɚɛɨɧɟɧɬɫɤɨɝɨ ɬɟɪɦɢɧɚɥɚ ɩɪɢ ɟɝɨ ɩɟɪɟɦɟɳɟɧɢɢ 
ɢɡ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɞɧɨɣ ɫɟɬɢ ɜ ɡɨɧɭ ɨɛɫɥɭɠɢɜɚɧɢɹ ɞɪɭɝɨɣ – ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɟɬɢ LTE ɫ ɫɟɬɹɦɢ 
ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɫɬɚɧɞɚɪɬɨɜ 3GPP (UMTS/GSM/HSPA+). ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫɟɬɢ LTE ɫ ɫɟɬɹɦɢ 3GPP ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɞɢɫɤɪɟɬɧɨɣ ɦɨɛɢɥɶɧɨɫɬɢ 
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(ɪɨɭɦɢɧɝɚ) ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɩɪɟɪɵɜɧɨɣ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ (ɯɷɧɞɨɜɟɪɚ). 
Ɉɫɧɨɜɧɵɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɟɬɢ LTE ɫ ɫɟɬɹɦɢ 3GPP 
ɹɜɥɹɸɬɫɹ ɢɧɬɟɪɮɟɣɫɵ S3, S4 ɢ S12. Ⱦɚɧɧɵɟ ɢɧɬɟɪɮɟɣɫɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ MME ɢ 
ɲɥɸɡɚ S-GW ɫɟɬɢ LTE ɫ ɫɟɪɜɢɫɧɵɦ ɭɡɥɨɦ SGSN ɫɟɬɟɣ 3G ɫ ɩɨɦɨɳɶɸ 
ɬɭɧɧɟɥɶɧɨɝɨ ɩɪɨɬɨɤɨɥɚ GTP (GPRS Tunnelling Protoɫol). ɉɪɨɬɨɤɨɥ GTP 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ (ɩɪɨɬɨɤɨɥ GTP-C) 
ɢ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɥɨɫɤɨɫɬɢ ɩɨɥɶɡɨɜɚɬɟɥɹ (ɩɪɨɬɨɤɨɥ GTP-U). ȼ 
ɭɫɥɨɜɢɹɯ ɪɨɭɦɢɧɝɚ ɲɥɸɡ S-GW ɜɢɡɢɬɧɨɣ ɫɟɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɲɥɸɡɨɦ   
P-GW (ɲɥɸɡ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɚɤɟɬɧɵɦɢ ɫɟɬɹɦɢ) ɞɨɦɚɲɧɟɣ ɫɟɬɢ. 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɟɬɢ LTE ɫ ɞɪɭɝɢɦɢ 3GPP ɞɥɹ ɨɤɚɡɚɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ 
ɭɫɥɭɝ ɬɟɥɟɮɨɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɤɨɦɦɭɬɚɰɢɢ ɤɚɧɚɥɨɜ (TDM), ɬɚɤ ɢ ɬɟɯɧɨɥɨɝɢɢ ɤɨɦɦɭɬɚɰɢɢ ɩɚɤɟɬɨɜ ɧɚ ɛɚɡɟ 
ɫɟɪɜɢɫɧɨɣ ɩɨɞɫɢɫɬɟɦɵ IMS. 
ɏɷɧɞɨɜɟɪ ɦɟɠɞɭ ɫɟɬɶɸ LTE ɢ ɞɪɭɝɨɣ ɫɟɬɶɸ 3GPP ɩɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ 
ɝɨɥɨɫɨɜɨɝɨ ɜɵɡɨɜɚ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɨɝɢɱɟɫɤɨɝɨ 
ɷɥɟɦɟɧɬɚ MME ɫ ɫɟɪɜɟɪɨɦ MSC ɩɨ ɢɧɬɟɪɮɟɣɫɭ Sv ɜ ɫɥɭɱɚɟ ɜɵɡɨɜɨɜ ɢɡ ɫɟɬɢ 
LTE ɜ ɬɪɚɞɢɰɢɨɧɧɵɣ ɞɨɦɟɧ ɤɨɦɦɭɬɚɰɢɢ ɤɚɧɚɥɨɜ (CS-ɞɨɦɟɧ); ɢ ɫ ɩɨɦɨɳɶɸ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɨɝɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ MME ɫ ɭɡɥɨɦ SGSN ɩɨ ɢɧɬɟɪɮɟɣɫɭ S3 
ɜ ɫɥɭɱɚɤ ɝɨɥɨɫɨɜɨɝɨ ɜɵɡɨɜɚ ɢɡ ɫɟɬɢ LTE ɜ ɞɨɦɟɧ ɤɨɦɦɭɬɚɰɢɢ ɩɚɤɟɬɨɜ (PS-
ɞɨɦɟɧ). 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɟɬɢ LTE ɫ ɫɟɬɹɦɢ ɧɟ-3GPP ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɟɬɹɦɢ ɫ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɶɸ – «ɧɚɞɟɠɧɵɦɢ» ɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɟɬɹɦɢ ɫ ɧɟɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɶɸ – 
«ɧɟɧɚɞɟɠɧɵɦɢ». ȼ ɤɚɱɟɫɬɜɟ «ɧɚɞɟɠɧɵɯ» ɫɟɬɟɣ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ 
ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɫɟɬɢ ɞɪɭɝɢɯ ɫɬɚɧɞɚɪɬɨɜ (cdma2000, WiMAX), ɜ ɤɚɱɟɫɬɜɟ 
«ɧɟɧɚɞɟɠɧɵɯ» - ɩɭɛɥɢɱɧɵɟ IP-ɫɟɬɢ ɂɧɬɟɪɧɟɬɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɟɬɢ LTE ɫ 
«ɧɚɞɟɠɧɵɦɢ» ɫɟɬɹɦɢ ɫɬɚɧɞɚɪɬɨɜ ɧɟ-3GPP ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɲɥɸɡɚ P-GW, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ «ɧɟɧɚɞɟɠɧɵɦɢ» ɫɟɬɹɦɢ – ɩɨɫɪɟɞɫɬɜɨɦ 




ɋ ɭɱɟɬɨɦ ɤɨɧɰɟɩɰɢɢ ɩɨɫɬɪɨɟɧɢɹ ɛɚɡɨɜɨɣ ɫɟɬɢ EPC «ɜɫɟ ɱɟɪɟɡ IP» 
ɦɨɛɢɥɶɧɨɫɬɶ ɚɛɨɧɟɧɬɫɤɨɝɨ ɬɟɪɦɢɧɚɥɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɟɬɢ LTE ɫ ɫɟɬɹɦɢ 
ɧɟ-3GPP ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɨɬɨɤɨɥɚɯ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɜ IP-ɫɟɬɹɯ: 
 ɩɪɨɬɨɤɨɥɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɧɚ ɛɚɡɟ ɯɨɫɬɨɜ - HBM (Host 
Based Mobility) – MIPv4, DSMIPv6; 
 ɩɪɨɬɨɤɨɥɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɧɚ ɛɚɡɟ ɫɟɬɢ – NBM 
(Network Based Mobility) – PMIPv6. 
ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɚɛɨɧɟɧɬɫɤɨɝɨ ɬɟɪɦɢɧɚɥɚ ɩɨ IP-ɚɞɪɟɫɭ ɢ ɦɚɪɲɪɭɬɢɡɚɰɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤ ɠɟ ɤɚɤ ɜ IP-ɫɟɬɹɯ. 
2.6 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ MIMO ɜ ɫɟɬɹɯ LTE 
 
Ɍɟɯɧɨɥɨɝɢɹ MIMO ɜ ɫɟɬɹɯ LTE ɢɝɪɚɟɬ ɨɞɧɭ ɢɡ ɜɚɠɧɵɯ ɪɨɥɟɣ ɜ 
ɨɛɟɫɩɟɱɟɧɢɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
MIMO (Multiple Input Multiple Output – ɦɧɨɠɟɫɬɜɟɧɧɵɣ ɜɯɨɞ – 
ɦɧɨɠɟɫɬɜɟɧɧɵɣ ɜɵɯɨɞ) – ɬɟɯɧɨɥɨɝɢɹ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɛɟɫɩɪɨɜɨɞɧɨɣ ɞɨɫɬɭɩ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɩɟɪɟɞɚɬɱɢɤɨɜ ɢ ɩɪɢɟɦɧɢɤɨɜ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ ɛɨɥɶɲɟɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ. Ɍɟɯɧɨɥɨɝɢɹ MIMO ɢɫɩɨɥɶɡɭɟɬ ɷɮɮɟɤɬ ɩɟɪɟɞɚɱɢ 
ɪɚɞɢɨɜɨɥɧ, ɧɚɡɵɜɚɟɦɵɣ ɦɧɨɝɨɥɭɱɟɜɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ, ɤɨɝɞɚ 
ɩɟɪɟɞɚɜɚɟɦɵɟ ɫɢɝɧɚɥɵ ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɦɧɨɠɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɢ ɩɪɟɩɹɬɫɬɜɢɣ ɢ 
ɩɪɢɧɢɦɚɸɳɚɹ ɚɧɬɟɧɧɚ ɜɨɫɩɪɢɧɢɦɚɟɬ ɫɢɝɧɚɥɵ ɩɨɞ ɪɚɡɧɵɦɢ ɭɝɥɚɦɢ ɢ ɜ 
ɪɚɡɧɨɟ ɜɪɟɦɹ. ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ MIMO ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ 
ɭɜɟɥɢɱɢɬɶ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ ɤɚɧɚɥɨɜ ɫɜɹɡɢ, ɭɦɟɧɶɲɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɟ 
ɱɢɫɥɨ ɛɢɬɨɜ, ɩɪɢɧɹɬɵɯ ɫ ɨɲɢɛɤɨɣ. Ɋɚɛɨɬɚ ɫɢɫɬɟɦ MIMO ɦɨɠɟɬ ɛɵɬɶ 
ɨɪɝɚɧɢɡɨɜɚɧɚ ɩɨ ɞɜɭɦ ɩɪɢɧɰɢɩɚɦ: ɩɨ ɩɪɢɧɰɢɩɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ 
ɭɩɥɨɬɧɟɧɢɹ ɢ ɩɨ ɩɪɢɧɰɢɩɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. 
ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɪɚɡɥɢɱɧɵɟ ɩɟɪɟɞɚɸɳɢɟ ɚɧɬɟɧɧɵ ɩɟɪɟɞɚɸɬ ɪɚɡɥɢɱɧɵɟ 
ɱɚɫɬɢ ɛɥɨɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɦɜɨɥɨɜ ɢɥɢ ɪɚɡɥɢɱɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
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ɛɥɨɤɢ. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɜɟɞɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɞɜɭɯ ɢɥɢ ɫ ɱɟɬɵɪɟɯ ɚɧɬɟɧɧ. 
ɇɚ ɩɪɢɟɦɧɨɣ ɫɬɨɪɨɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɟɦ ɢ ɪɚɡɞɟɥɟɧɢɟ ɫɢɝɧɚɥɨɜ ɪɚɡɥɢɱɧɵɯ 
ɚɧɬɟɧɧ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɫɨ ɜɫɟɯ ɩɟɪɟɞɚɸɳɢɯ ɚɧɬɟɧɧ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɟɪɟɞɚɱɚ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɩɨɬɨɤɚ ɞɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɯɟɦ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. 
Ⱥɧɬɟɧɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ MIMO ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ 
ɫɢɦɦɟɬɪɢɱɧɵɟ (2×2, 4×4) ɢ ɧɟɫɢɦɦɟɬɪɢɱɧɵɟ (1×2, 2×4) ɡɧɚɱɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 
2.7 ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ MIMO-ɫɢɫɬɟɦɵ ɫ ɞɜɭɦɹ ɩɟɪɟɞɚɸɳɢɦɢ ɢ 
ɞɜɭɦɹ ɩɪɢɧɢɦɚɸɳɢɦɢ ɚɧɬɟɧɧɚɦɢ, ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɩɨ ɩɪɢɧɰɢɩɭ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɤɨɞɢɪɨɜɚɧɢɹ. 
 
Ɋɢɫɭɧɨɤ 2.5 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ MIMO-ɫɢɫɬɟɦɵ 2×2 
 
2.7 ɋɩɟɤɬɪ ɭɫɥɭɝ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɫɟɬɹɦɢ LTE 
 
ɍɫɥɭɝɢ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɟ ɫɟɬɹɦɢ LTE, ɢɦɟɸɬ ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɟɬɹɦɢ 2G/3G. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɫɨɤɨɣ 
ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɟɬɢ ɢ ɩɨɜɵɲɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɚ 
ɬɚɤ ɠɟ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɤɨɧɰɟɩɰɢɸ «ɜɫɟ ɱɟɪɟɡ IP». Ɉɫɧɨɜɧɵɦɢ ɭɫɥɭɝɚɦɢ, 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɫɟɬɶɸ LTE ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: 
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 ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɪɟɱɢ; 
 ɩɟɪɟɞɚɱɚ ɂɧɬɟɪɧɟɬ-ɮɚɣɥɨɜ; 
 ɞɨɫɬɚɜɤɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ; 
 ɩɟɪɟɞɚɱɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɫɨɨɛɳɟɧɢɣ; 
 ɦɭɥɶɬɢɦɟɞɢɣɧɨɟ ɜɟɳɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɩɨɬɨɤɨɜɵɟ ɭɫɥɭɝɢ, 
ɭɫɥɭɝɢ ɩɨ ɡɚɝɪɭɡɤɟ ɮɚɣɥɨɜ, ɬɟɥɟɜɢɡɢɨɧɧɵɟ ɭɫɥɭɝɢ; 
 ɩɨɬɨɤɨɜɨɟ ɜɢɞɟɨ; 
 VoIP ɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɢɢ; 
 ɨɧɥɚɣɧ-ɢɝɪɵ ɱɟɪɟɡ ɦɨɛɢɥɶɧɵɟ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɬɟɪɦɢɧɚɥɵ 
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ; 
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3. ɊȺɋɑȿɌ ɉȺɊȺɆȿɌɊɈȼ ɉɊɈȿɄɌɂɊɍȿɆɈɃ ɋȿɌɂ 
 
ɉɪɨɰɟɫɫ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɟɬɟɣ LTE ɢɦɟɟɬ ɪɹɞ ɨɬɥɢɱɢɣ ɨɬ 
ɩɪɨɰɟɫɫɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɣ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ. 
Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɨɝɨ ɬɢɩɚ ɦɧɨɝɨɫɬɚɧɰɢɨɧɧɨɝɨ 
ɞɨɫɬɭɩɚ ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ OFDMA, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ 
ɩɨɧɹɬɢɹ ɢ ɢɡɦɟɧɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɉɪɨɰɟɫɫ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɪɚɞɢɨɫɟɬɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ: 
 ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɤɪɵɬɢɹ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɟɦɤɨɫɬɢ. 
ɉɥɚɧɢɪɨɜɚɧɢɟ ɪɚɞɢɨɫɟɬɢ LTE ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɝɨɪɨɞɫɤɨɣ 
ɦɟɫɬɧɨɫɬɢ, ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɚɛɨɧɟɧɬɨɜ ɛɭɞɟɬ ɜɵɫɨɤɚɹ ɢ ɛɚɡɨɜɵɟ 
ɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ  ɜ ɦɚɤɫɢɦɚɥɶɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫ 
ɰɟɥɶɸ ɡɚɤɪɵɬɶ ɤɚɠɞɨɣ eNB ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɭɸ ɩɥɨɬɧɨɫɬɶ ɚɛɨɧɟɧɬɨɜ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɭɠɧɨ ɩɨɞɨɛɪɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ. ȼ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɭɠɧɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɪɚɜɢɥɨɦ, ɱɬɨ ɱɟɦ ɧɢɠɟ ɱɚɫɬɨɬɚ, 
ɬɟɦ ɞɚɥɶɲɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɪɚɞɢɨɫɢɝɧɚɥɚ. ɑɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ 1900 – 
1980 ɆȽɰ ɞɥɹ ɜɨɫɯɨɞɹɳɟɝɨ ɢ 2110 – 2170 ɆȽɰ ɞɥɹ ɧɢɫɯɨɞɹɳɟɝɨ ɤɚɧɚɥɚ 
ɜɩɨɥɧɟ ɩɨɞɨɣɞɟɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ. Ɍɢɩ ɞɭɩɥɟɤɫɚ ɜɵɛɪɚɧ 
ɱɚɫɬɨɬɧɵɣ – FDD. 
3.1 Ɋɚɫɱɟɬ ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ 
 
Ɉɛɳɟɟ ɱɢɫɥɨ ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɞɥɹ ɪɚɡɜɟɪɬɤɢ ɫɨɬɨɜɨɣ 
ɫɟɬɢ ɫɜɹɡɢ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
                                         )int( kFFkN                                   (3.1)  
ɝɞɟ int(x) – ɰɟɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ɯ; 
ɝɞɟ ΔF - ɩɨɥɨɫɚ ɱɚɫɬɨɬ, ɜɵɞɟɥɟɧɧɚɹ ɞɥɹ ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɪɚɜɧɚɹ 71 ɆȽɰ;  
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Fɤ – ɩɨɥɨɫɚ ɱɚɫɬɨɬ ɨɞɧɨɝɨ ɪɚɞɢɨɤɚɧɚɥɚ; ɩɨɞ ɪɚɞɢɨɤɚɧɚɥɨɦ ɜ ɫɟɬɹɯ LTE 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɨɟ ɩɨɧɹɬɢɟ ɤɚɤ  ɪɟɫɭɪɫɧɵɣ   ɛɥɨɤ  ɊȻ, ɤɨɬɨɪɵɣ   ɢɦɟɟɬ    







3.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɤɥɚɫɬɟɪɚ 
 
Ɉɫɧɨɜɚɧɢɟɦ ɞɥɹ ɜɵɛɨɪɚ ɤɥɚɫɬɟɪɚ ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ (ɋ/ɉ) ɜ ɬɨɱɤɟ ɩɪɢёɦɚ ɩɪɟɜɵɲɚɟɬ 
ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ. ɉɨɦɟɯɢ 
ɫɨɡɞɚɸɬ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɬɚɧɰɢɢ ɫɨɫɟɞɧɢɯ ɤɥɚɫɬɟɪɨɜ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɱɚɫɬɨɬɟ 
ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ (ɫɨɤɚɧɚɥɶɧɵɟ ɩɨɦɟɯɢ).  
Ⱦɥɹ ɜɵɛɨɪɚ ɤɥɚɫɬɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɡɚɞɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɜɟɪɨɹɬɧɨɫɬɢ ɫɨɛɵɬɢɹ, ɤɨɝɞɚ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ ɜ ɬɨɱɤɟ ɩɪɢɟɦɚ 
ɨɤɚɠɟɬɫɹ ɧɢɠɟ ɩɨɪɨɝɨɜɨɝɨ. ɗɬɚ ɜɟɥɢɱɢɧɚ ɨɰɟɧɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɜɹɡɢ ɩɪɢ 
ɩɟɪɟɦɟɳɟɧɢɢ ɩɨɞɜɢɠɧɨɝɨ ɚɛɨɧɟɧɬɚ ɜ ɡɨɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɟɬɢ. Ɉɛɵɱɧɨ ɷɬɭ 
ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɞɚɸɬ ɧɚ ɭɪɨɜɧɟ 0,1…..0,15.  
ȼ ɤɥɚɫɬɟɪɚɯ ɫ ɧɟɫɟɤɬɨɪɢɡɨɜɚɧɧɵɦɢ ɫɨɬɚɦɢ ɬɚɤɢɯ 
ɛɥɢɡɤɨɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɬɚɧɰɢɣ ɲɟɫɬɶ, ɩɪɢ ɧɚɥɢɱɢɢ 3-ɯ ɫɟɤɬɨɪɨɜ ɜ ɫɨɬɟ – 
ɞɜɟ, 6-ɬɢ ɫɟɤɬɨɪɨɜ – ɨɞɧɚ (ɪɢɫ. 3.1). ɍɪɨɜɟɧɶ ɩɨɦɟɯ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ 
ɤɥɚɫɬɟɪɚ ɋ (ɋ=3,4,6,7), ɪɚɞɢɭɫ ɫɨɬ R0 ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɨɬɚɦɢ ɫ 
ɩɨɜɬɨɪɹɸɳɢɦɢɫɹ ɱɚɫɬɨɬɚɦɢ D ɢ ɫɜɹɡɚɧ ɫ ɡɚɳɢɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ (3.2).  
                              
ɋRDq 3/ 0                                            (3.2) 
ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɧɚɡɟɦɧɵɯ 
ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ ɫ ɩɨɞɜɢɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ d4, ɝɞɟ 
d – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ. . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ ɩɨɦɟɯ ɩɨ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɭ ɩɪɢёɦɚ ɞɥɹ ɚɛɨɧɟɧɬɫɤɨɣ 
ɫɬɚɧɰɢɢ (MS), ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɝɪɚɧɢɰɟ ɫɨɬɵ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɫɨɬ ɫ 
ɧɟɧɚɩɪɚɜɥɟɧɧɨɣ ɚɧɬɟɧɧɨɣ (Ɇ=1) 
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    4654413421 1;;1   qqq  ,       (3.3) 
ɞɥɹ ɫɨɬ ɫ ɬɪɟɦɹ ɫɟɤɬɨɪɚɦɢ  
     
  ɩɪɢ Ɇ=3  4241 ;)7.0(   qq  ,        (3.4) 
 
ɞɥɹ ɫɨɬ ɫ ɲɟɫɬɶɸ ɫɟɤɬɨɪɚɦɢ 
ɩɪɢ Ɇ=6 41 )1(  q .          (3.5) 
 
 
Ɋɢɫɭɧɨɤ 3.1 – ɉɨɦɟɯɢ ɨɬ ɦɟɲɚɸɳɢɯ ɫɬɚɧɰɢɣ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɟɫɟɤɬɨɪɢɡɨɜɚɧɧɵɯ ɫɨɬɨɜɵɯ ɫɬɪɭɤɬɭɪɚɯ ɢ ɜ ɫɬɪɭɤɬɭɪɚɯ ɫ 
3-ɦɹ ɫɟɤɬɨɪɚɦɢ ɫɨɤɚɧɚɥɶɧɚɹ  ɩɨɦɟɯɚ ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɲɟɫɬɢ ɢɥɢ 2-ɯ 
ɦɟɲɚɸɳɢɯ  ɫɢɝɧɚɥɨɜ ɫɨɫɟɞɧɢɯ ɤɥɚɫɬɟɪɨɜ. Ʌɨɤɚɥɶɧɨɟ ɫɪɟɞɧɟɟ ɩɨɥɟɡɧɨɝɨ 
ɫɢɝɧɚɥɚ ɢ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɩɨɦɟɯɢ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ  ɜɟɥɢɱɢɧɨɣ ɫ 






















      (3.6) 
0)( ixW   0ix , 
ɝɞɟ xi – ɥɨɤɚɥɶɧɨɟ ɫɪɟɞɧɟɟ ɦɨɳɧɨɫɬɢ (ɢɥɢ ɚɦɩɥɢɬɭɞɵ) ɫɢɝɧɚɥɚ ɢɥɢ 
ɨɬɞɟɥɶɧɨɣ ɩɨɦɟɯɢ, 
     i

- ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɟɥɢɱɢɧɵ бi, 
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      i

- ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ХЧ бi, ɤɨɬɨɪɨɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 22)ln( iii x   . ɇɚ ɩɪɚɤɬɢɤɟ xi ɢ i ɜɵɪɚɠɚɸɬ ɜ 
ɞɟɰɢɛɟɥɚɯ: 
 xiДɞȻ]= ixlg10 , ieдБi  lg10][  . ɉɪɢɪɚɜɧɢɜɚɹ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ xi ɢ 
i




дБxnatx iie  , ][1.0][ 10 дБnat iie   . 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɬɭɪɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ xi[nat]= ln(xi)  ɢ i [nat], 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ (6), ɫɜɹɡɚɧɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɞɟɰɢɛɟɥɚɯ 
ɦɚɫɲɬɚɛɧɵɦ ɦɧɨɠɢɬɟɥɟɦ  10ln1.0 . ɉɟɪɟɯɨɞɹ ɤ ɪɚɫɱёɬɭ ɜ ɥɨɝɚɪɢɮɦɚɯ, 
ɜɜɟɞɹ yi= ln xi, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.6) ɞɥɹ ɜɟɥɢɱɢɧɵ yi ɩɨɥɭɱɚɟɦ ɧɨɪɦɚɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫ ɩɥɨɬɧɨɫɬɶɸ ɜɟɪɨɹɬɧɨɫɬɢ:            

















          (3.7) 





ɟɫиɝɧаɥаi   





































iie e    
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ (3.7) ɦɨɠɧɨ ɜɵɪɚɠɚɬɶ yi, i  ɢ i ɜ ɞɟɰɢɛɟɥɚɯ. 
 ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɭɦɦɵ 
ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɱɢɫɥɚ ɩɨɦɟɯ, ɪɚɫɩɪɟɞɟɥёɧɧɵɯ ɩɨ ɥɨɝɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ, 
ɬɚɤɠɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɥɨɝɧɨɪɦɚɥɶɧɵɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɜɵɪɚɠɟɧɢɟ (3.7) ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ  
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    ɋ/ɉ > (C/ɉ)ɞɨɩ, 
ɝɞɟ (C/ɩ)ɞɨɩ =  = 13 ɞȻ ɞɥɹ ɫɬɚɧɞɚɪɬɚ LTE (QAM). ɉɪɢ ɷɬɨɦ ɜ (3.7)  
 y1  ɨɬɧɨɲɟɧɢɟ (ɋ/ɉ) ɜ ɞɟɰɢɛɟɥɚɯ, 
 1  ɦɟɞɢɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɲɟɧɢɹ (ɋ/ɉ) ɜ ɞɟɰɢɛɟɥɚɯ, 
 1  ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬɧɨɲɟɧɢɹ (ɋ/ɉ) ɜ ɞɟɰɢɛɟɥɚɯ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɧɟɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ 
ɨɬɧɨɲɟɧɢɹ (ɫ/ɩ)ɞɨɩ ɜ ɬɨɱɤɟ ɩɪɢɟɦɚ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ ɤɥɚɫɬɟɪɚ ɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 




















                     (3.8) 




 ɢ, ɭɱɢɬɵɜɚɹ ɫɢɦɦɟɬɪɢɸ 
ɮɭɧɤɰɢɢ Ɋ(ɋ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɨɪɞɢɧɚɬ ɩɨɥɭɱɚɟɦ: 






































Ⱥɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ P(C) ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ 
ɪɚɡɦɟɪɧɨɫɬɢ ɤɥɚɫɬɟɪɚ. ɉɪɢ ɷɬɨɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɚɞɚɟɬ ɱɚɫɬɨɬɧɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɬɢ. Ɉɰɟɧɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɤɥɚɫɬɟɪɚ ɢ 
ɜɵɛɢɪɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɣ ɚɧɬɟɧɧɵ, ɭ ɤɨɬɨɪɨɣ ɭɝɨɥ 
ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 120 , 3SN , Ɇ=2 ɢ 4)7,0(1  q , 
4
2
 q . 
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ɗɬɨɦɭ ɡɧɚɱɟɧɢɸ ɜ ɬɚɛɥɢɰɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɟɥɢɱɢɧɚ, ɪɚɜɧɚɹ 0,0838. 
ɋɱɢɬɚɹ ɩɨ ɮɨɪɦɭɥɟ (3.9), ɩɨɥɭɱɚɟɦ 
.38,81000838,0)( Cp  
ɉɨɥɭɱɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɧɟɦɧɨɝɨ ɦɟɧɶɲɟ  0ɒP ɫ
P , ɨɬɫɸɞɚ ɜɵɬɟɤɚɟɬ, 
ɱɬɨ ɞɚɧɧɵɣ ɬɢɩ ɚɧɬɟɧɧɵ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ. 
 
3.3 Ɋɚɫɱɟɬ ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɛɨɧɟɧɬɨɜ Ȼɋ 
 
ɑɢɫɥɨ ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɚɛɨɧɟɧɬɨɜ ɜ ɨɞɧɨɦ ɫɟɤɬɨɪɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                     ˍܰ.˔ˈˍ = [ ேˍሺேˍˎ∙ெ˔ˈˍሻ],             (3.10) 
 
ɝɞɟ Nɤ – ɨɛɳɟɟ ɱɢɫɥɨ ɤɚɧɚɥɨɜ;  
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Nɤɥ – ɪɚɡɦɟɪɧɨɫɬɶ ɤɥɚɫɬɟɪɚ, ɜɵɛɢɪɚɟɦɨɟ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɫɟɤɬɨɪɨɜ 
eNB, ɩɪɢɦɟɦ ɪɚɜɧɵɦ 3;  
Mɫɟɤ – ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɬɨɪɨɜ eNB, ɩɪɢɧɹɬɨɟ 3,ɬɚɤ ɤɚɤ eNB ɛɭɞɟɬ 3-ɯ 
ɫɟɤɰɢɨɧɧɨɣ. 
ˍܰ.˔ˈˍ = [ ͵ͻͷሺ͵ ∙ ͵ሻ] ≈ ͶͶሺˍ˃ː˃ˎ˃ሻ. 
 
3.4 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɮɢɤɚ 
Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɜ ɨɞɧɨɦ ɫɟɤɬɨɪɟ ɨɞɧɨɣ ɫɨɬɵ 
Nɤɬ.ɫɟɤ. ɑɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
                                       ˍܰ˕.˔ˈˍ = ˍܰ˕ଵ ∙ ˍܰ.˔ˈˍ,                       (3.11) 
 
ɝɞɟ Nɤɬ1 – ɱɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɜ ɨɞɧɨɦ ɪɚɞɢɨɤɚɧɚɥɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ 
ɫɬɚɧɞɚɪɬɨɦ ɪɚɞɢɨɞɨɫɬɭɩɚ (ɞɥɹ OFDMANɤɬ1 = 1...3); ɞɥɹ ɫɟɬɢ LTE ɜɵɛɟɪɟɦ  
Nɤɬ1 = 1. ˍܰ˕.˔ˈˍ = ͳ ∙ ͶͶ ≈ ͶͶ ሺˍ˃ː˃ˎˑ˅ሻ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥɶɸ ɗɪɥɚɧɝɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ ɧɚ 
ɪɢɫɭɧɤɟ 3.2, ɨɩɪɟɞɟɥɢɦ ɞɨɩɭɫɬɢɦɭɸ ɧɚɝɪɭɡɤɭ ɜ ɫɟɤɬɨɪɟ ɨɞɧɨɣ ɫɨɬɵ Аɫɟɤ ɩɪɢ 
ɞɨɩɭɫɬɢɦɨɦ ɡɧɚɱɟɧɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɥɨɤɢɪɨɜɤɢ ɪɚɜɧɨɣ 1% ɢ ɪɚɫɫɱɢɬɚɧɧɵɦ 
ɜɵɲɟ ɡɧɚɱɟɧɢɢ Nɤɬ.ɫɟɤ. Ɉɩɪɟɞɟɥɢɦ, ɱɬɨ Аɫɟɤ = 48 ɗɪɥ. 




Ɋɢɫɭɧɨɤ 3.2  – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɢ ɜ ɫɟɤɬɨɪɟ ɨɬ ɱɢɫɥɚ ɤɚɧɚɥɨɜ 
ɬɪɚɮɢɤɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɥɨɤɢɪɨɜɤɢ 
ɑɢɫɥɨ ɚɛɨɧɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɨɛɫɥɭɠɢɜɚɬɶɫɹ ɨɞɧɨɣ eNB, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                        ˃ܰ˄.�ே஻ = ܯ˔ˈˍ ∙ [஺˔ˈˍ஺1 ],                          (3.12) 
ɝɞɟ A1 – ɫɪɟɞɧɹɹ ɩɨ ɜɫɟɦ ɜɢɞɚɦ ɬɪɚɮɢɤɚ ɚɛɨɧɟɧɬɫɤɚɹ ɧɚɝɪɭɡɤɚ ɨɬ 
ɨɞɧɨɝɨ ɚɛɨɧɟɧɬɚ; ɡɧɚɱɟɧɢɟ A1 ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ (0,04...0,2) ɗɪɥ. Ɍɚɤ ɤɚɤ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɟɬɶ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ 
ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ, ɬɨ ɡɧɚɱɟɧɢɟ A1 ɩɪɢɦɟɦ ɪɚɜɧɵɦ 0,19 ɗɪɥ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ: 
˃ܰ˄.�ே஻ = ͵ ∙ [ ͶͺͲ,ͳͻ] ≈ ͹ͷͺ ሺ˃˄ˑːˈː˕ˑ˅ሻ. 
ɑɢɫɥɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ eNB ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ LTE ɧɚɣɞɟɦ ɩɨ 
ɮɨɪɦɭɥɟ: 
                               �ܰே஻ = [ ே˃˄ே˃˄.���] + ͳ                               (3.13) 
ɝɞɟ Nаɛ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ. Кɨɥɢɱɟɫɬɜɨ 
ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ ɫɨɫɬɚɜɢɬ 11500 ɱɟɥɨɜɟɤ, ɬɚɤ ɤɚɤ ɨɩɪɟɞɟɥɢɦ ɢɯ ɤɚɤ 
20% ɨɬ ɨɛɳɟɣ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ. Ɍɨɝɞɚ:  
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
33 11070006.11.03.02.111.ɉɁȼКɊ 
�ܰே஻ = [ͳͳͷͲͲ͹ͷͺ ] + ͳ ≈ ͳ͸ ሺ݁ܰܤሻ. 
ɋɪɟɞɧɸɸ ɩɥɚɧɢɪɭɟɦɭɸ  ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ RN  ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
ɫɟɬɢ ɨɩɪɟɞɟɥɢɦ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ eNB ɧɚ ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ eNB. Ɏɨɪɦɭɥɚ ɩɪɢɦɟɬ ɜɢɞ: 
                ܴே = ሺܴ�ே஻.�௅ + ܴ�ே஻.�௅ሻ ∙ �ܰே஻,                   (3.14) 
Ɇɚɤɫɢɦɚɥɶɧɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɢɥɢ ɟɦɤɨɫɬɶ, ɫɟɬɢ 
ɨɰɟɧɢɜɚɸɬ, ɨɩɢɪɚɹɫɶ ɧɚ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɬɵ 
ɜ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ ɩɨɞɜɢɠɧɨɣ ɫɜɹɡɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɤɚɡɚɬɟɥɶ, ɫɱɢɬɚɸɳɢɣɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɞɚɱɢ ɧɚ 1 Ƚɟɪɰ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɨɥɨɫɵ ɱɚɫɬɨɬ (ɛɢɬ/ɫ/Ƚɰ). ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɪɟɫɭɪɫɚ, ɢ ɨɬɪɚɠɚɟɬ ɫɤɨɪɨɫɬɶ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ. ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜɫɟɯ 
ɚɛɨɧɟɧɬɨɜ ɫɟɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɣ ɨɛɥɚɫɬɢ (ɫɨɬɟ, ɡɨɧɟ) ɧɚ 1 Ƚɰ 
ɩɨɥɨɫɵ ɱɚɫɬɨɬ (ɛɢɬ/ɫ/Ƚɰ/ɫɨɬɚ), ɚ ɬɚɤɠɟ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɤ ɲɢɪɢɧɟ ɩɨɥɨɫɵ ɨɞɧɨɝɨ ɤɚɧɚɥɚ. ɉɪɢɧɹɬɵɣ ɫɩɟɤɬɪɚɥɶɧɵɣ 
ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɫɟɬɢ LTE, ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 20 ɆȽɰ, ɞɥɹ 
ɱɚɫɬɨɬɧɨɝɨ ɬɢɩɚ ɞɭɩɥɟɤɫɚ FDD ɧɚ ɨɫɧɨɜɚɧɢɢ 3GPP RОХОКsО 8 ɞɥɹ ɪɚɡɧɵɯ 
ɤɨɧɮɢɝɭɪɚɰɢɣ MIMO, ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥɢɰɟ 3.1. 
 
Ɍɚɛɥɢɰɚ 3.1 - ɋɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɫɟɬɢ LTE 
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Ⱦɥɹ ɫɢɫɬɟɦɵ FDD ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 1 ɫɨɬɵ ОNB 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɭɦɧɨɠɟɧɢɟɦ ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɧɚ ɫɩɟɤɬɪɚɥɶɧɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ: 
                            R=S*W                                          (3.15) 
                                                  
ɝɞɟ S – ɫɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (ɛɢɬ/ɫ/Ƚɰ); 
W – ɲɢɪɢɧɚ ɤɚɧɚɥɚ (ɆȽɰ); W = 10 ɆȽɰ. 
 
Ⱦɥɹ ɥɢɧɢɢ DL: 
RDL = 3,43 ·  10 = 34,3 Ɇɛɢɬ/ɫ. 
Ⱦɥɹ ɥɢɧɢɢ UL: 
RUL = 1,829 · 10 = 18,29 Ɇɛɢɬ/ɫ. 
ɉɪɨɦɟɠɭɬɨɱɧɚɹ ɩɪɨɩɭɫɤɧɚɹ   ɫɩɨɫɨɛɧɨɫɬɶ   ОNB ɜɵɱɢɫɥɹɟɬɫɹ 
ɭɦɧɨɠɟɧɢɟɦ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 1-ɝɨ ɫɟɤɬɨɪɚ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 
ɫɟɤɬɨɪɨɜ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ; ɱɢɫɥɨ ɫɟɤɬɨɪɨɜ ОNB ɜɨɡɶɦɟɦ ɪɚɜɧɨɟ 3, 
ɬɨɝɞɚ: 
                                                   ReNB= RDL/ RUL*3                                    (3.16) 
 
Ⱦɥɹ ɥɢɧɢɢ DL: 
ReNB.DL = 34,3 ·  3 = 102,9 Ɇɛɢɬ/ɫ. 
Ⱦɥɹ ɥɢɧɢɢ UL: 
ReNB.UL = 18,29 · 3 = 54,87 Ɇɛɢɬ/ɫ. 
ɉɨɷɬɨɦɭ ɮɨɪɦɭɥɚ 3.14 ɜɵɝɥɹɞɢɬ ɬɚɤ: 
RN = (102,9 + 54,87) 16 ≈ 2524,32 (Ɇɛɢɬ/ɫ). 
Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɨɱɧɚɹ ɨɰɟɧɤɚ ɟɦɤɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɢ 
ɫɪɚɜɧɢɦ ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ. ɍɫɪɟɞɧɟɧɧɵɣ ɬɪɚɮɢɤ ɨɞɧɨɝɨ ɚɛɨɧɟɧɬɚ ɜ ɑɇɇ: 
                                ܴ˕.Чʜʜ = Т˕∙௤ேЧʜʜ∙ேˇ  ,                   (3.17) 
ɝɞɟ  Ɍɬ  - ɫɪɟɞɧɢɣ ɬɪɚɮɢɤ ɨɞɧɨɝɨ ɚɛɨɧɟɧɬɚ ɜ ɦɟɫɹɰ, Ɍɬ = 10 
Ƚɛɚɣɬ/ɦɟɫ; 
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q – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɦɟɫɬɧɨɫɬɢ,  q =4; 
NЧɇɇ – ɱɢɫɥɨ ɑɇɇ ɜ ɞɟɧɶ,NЧɇɇ  = 10; 
Nɞ – ɱɢɫɥɨ ɞɧɟɣ ɜ ɦɟɫɹɰɟ, Nɞ = 30. 
                        ܴ˕.Чʜʜ = ଵ଴∙ସ଻∙ଷ଴ = Ͳ,ʹ (Ɇɛɢɬ/ɫ) 
Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɬɪɚɮɢɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɜ ɑɇɇ Rɨɛɳ./Чɇɇ ɩɨ 
ɮɨɪɦɭɥɟ: 
                           Rɨɛɳ./Чɇɇ = Rɬ.Чɇɇ · Nаɤɬ.аɛ,                 (3.18) 
ɝɞɟ Nаɤɬ.аɛ – ɱɢɫɥɨ ɚɤɬɢɜɧɵɯ ɚɛɨɧɟɧɬɨɜ ɜ ɫɟɬɢ; ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɨ 
ɚɤɬɢɜɧɵɯ ɚɛɨɧɟɧɬɨɜ ɜ ɫɟɬɢ ɤɚɤ 80% ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ 
ɚɛɨɧɟɧɬɨɜ Nаɛ, ɬɨ ɟɫɬɶ Nаɤɬ.аɛ = 9200 ɚɛɨɧɟɧɬɨɜ. 
Rɨɛɳ./Чɇɇ = 0,2 ·  9200 = 1840 (Ɇɛɢɬ/ɫ). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, RN>Rɨɛɳ./Чɇɇ. ɗɬɨ ɭɫɥɨɜɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɟɬɶ ɧɟ ɛɭɞɟɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɟɪɟɝɪɭɡɤɚɦ ɜ ɑɇɇ. 
ȼɟɥɢɱɢɧɭ ɪɚɞɢɭɫɚ ɩɨɤɪɵɬɢɹ ɨɞɧɨɣ Ȼɋ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ 
ɜɵɪɚɠɟɧɢɟ 





                       (3.19) 
                                      
584,1
43
28021,1  R ɤɦ 
 
3.5 ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɪɚɛɨɬɵ ɫɟɬɢ  
Ɋɚɫɱɟɬ ɜɟɥɢɱɢɧɵ ɡɚɳɢɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 
ȼɟɥɢɱɢɧɚ ɡɚɳɢɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ BTS ɫ ɨɞɢɧɚɤɨɜɵɦɢ 
ɱɚɫɬɨɬɧɵɦɢ ɤɚɧɚɥɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 
                                                
,3 CRD 
       (3.20) 
.486,543584,1 ɤɦD 
 




Ɋɚɫɱɟɬ ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ ɩɪɢɟɦɧɢɤɚ 
ɇɟɨɛɯɨɞɢɦɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɟ ɩɪɢɟɦɧɢɤɚ ɩɪMSP  ɩɪɢ constBSTh   ɢ 
constɩɞBTSP   ɨɩɪɟɞɟɥɹɸɬ, ɩɨɥɶɡɭɹɫɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɩɟɪɜɵɦ ɭɪɚɜɧɟɧɢɟɦ 
ɩɟɪɟɞɚɱɢ. 
 







ɝɞɟ BTSG  - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɚɧɬɟɧɧɵ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ, ɞȻ; 
f – ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ ɜɵɞɟɥɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ; 
ɩɞBTSP  - ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ BTS, ɞȻȼɬ; 
0  фlфBTS  - ɩɨɬɟɪɢ ɜ ɮɢɞɟɪɟ BTS, ɞȻ; 
фl  - ɞɥɢɧɧɚ ɮɢɞɟɪɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɧɨɣ ɢɥɢ ɛɨɥɶɲɟ ɜɵɫɨɬɵ 
ɩɨɞɜɟɫɚ ɚɧɬɟɧɧɵ BTS; 
0  - ɩɨɝɨɧɧɨɟ ɨɫɥɚɛɥɟɧɢɟ ɮɢɞɟɪɚ, ɞȻ/ɦ. 
 








3.6 Ɋɚɫɱɟɬ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ, ɤɨɝɞɚ MS ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɝɪɚɧɢɰɟ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ BTS, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ 













3.7 Ɋɚɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɞɢɨɫɩɟɤɬɪɚ 
 
ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɨɬɨɜɨɣ ɫɟɬɢ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɞɢɨɫɩɟɤɬɪɚ  , ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɱɢɫɥɨɦ ɚɤɬɢɜɧɵɯ ɚɛɨɧɟɧɬɨɜ 





       (3.23) 
















   (3.24) 
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4. ɊȺɋɑȿɌ ɁɈɇ ɊȺȾɂɈɉɈɄɊɕɌɂə ɋȿɌɂ LTE 
 
4.1 Ɋɚɫɱɟɬ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ 
 
Ⱥɧɚɥɢɡ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɧɚɱɧɟɬɫɹ ɫ ɜɵɱɢɫɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɵɯ ɩɨɬɟɪɶ ɧɚ ɥɢɧɢɢ (ɆȾɉ). ɆȾɉ ɪɚɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ 
ɦɟɠɞɭ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɢɡɨɬɪɨɩɧɨɣ ɢɡɥɭɱɚɟɦɨɣ ɦɨɳɧɨɫɬɶɸ ɩɟɪɟɞɚɬɱɢɤɚ 
(ɗɂɂɆ) ɢ ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɣ ɦɨɳɧɨɫɬɶɸ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ 
ɩɪɢɟɦɧɢɤɚ ɫɨɩɪɹɠɟɧɧɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɨɬɟɪɶ ɜ ɤɚɧɚɥɟ 
ɫɜɹɡɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɨɪɦɚɥɶɧɚɹ ɞɟɦɨɞɭɥɹɰɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɢɟɦɧɢɤɟ. 
ɉɪɢɧɰɢɩ ɪɚɫɱɟɬɚ ɆȾɉ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.1. 
 
Ɋɢɫɭɧɨɤ 4.1 - ɉɪɢɧɰɢɩ ɪɚɫɱɟɬɚ ɆȾɉ 
ɉɪɢ ɪɚɫɱɟɬɚɯ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 
 ɫɢɫɬɟɦɧɚɹ ɩɨɥɨɫɚ: 20 ɆȽɰ; ɞɥɹ FDD = 10/10 (DL/UL); 
 eNB – ɧɚ   ɤɚɠɞɨɦ   ɫɟɤɬɨɪɟ  ɨɞɢɧ   TRX,    ɜɵɯɨɞɧɚɹ     ɦɨɳɧɨɫɬɶ  
TRX = 40 ȼɬ (46 ɞȻɦ); ɪɚɛɨɬɚɟɬ ɧɚ ɥɢɧɢɢ DL ɜ ɪɟɠɢɦɟ MIMO 2×2; 
 UE  –  ɚɛɨɧɟɧɬɫɤɢɣ   ɬɟɪɦɢɧɚɥ –  USB-ɦɨɞɟɦ,   ɤɥɚɫɫ  4  –    
ɗɂɂɆ 33 ɞȻɦ; 
 ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ DL/UL: 100%/100%. 
Ɋɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɩɨɬɟɪɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ܮʛДП = �эˋˋˏ.˒˓ˇ − ܵ˚.˒˓ + �А.˒˓ − ܮФ.˒˓ − ܯ˒˓ˑː − −ܯ˒ˑˏ − ܯˊ˃˕ˈː + �˘ˑ   (4.1) 
ɝɞɟ  Pэииɦ.ɩɪɞ – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɢɡɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ;  
Sɱ.ɩɪ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ; 
GА.ɩɪɞ - ɤɨɷɮɮɢɰɢɟɧɬ    ɭɫɢɥɟɧɢɹ    ɚɧɬɟɧɧɵ    ɩɟɪɟɞɚɬɱɢɤɚ,   GА.ɩɪɞ:        
DL = 18 ɞȻɢ, UL = 0 ɞȻɢ; 
LФ.ɩɪɞ – ɩɨɬɟɪɢ ɜ ɮɢɞɟɪɧɨɦ ɬɪɚɤɬɟ ɩɟɪɟɞɚɬɱɢɤɚ, LФ.ɩɪɞ: DL = 0,3 ɞȻ; 
Мɩɪɨɧ – ɡɚɩɚɫ ɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɫɢɝɧɚɥɚ ɜ ɩɨɦɟɳɟɧɢɟ, Мɩɪɨɧ = 12 ɞȻ; 
Mɩɨɦ – ɡɚɩɚɫ ɧɚ ɩɨɦɟɯɢ. Мɩɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɧɨɝɨ ɭɪɨɜɧɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɫɨɫɟɞɧɢɯ 
ɫɨɬɚɯ; ɡɧɚɱɟɧɢɟ Мɩɨɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɝɪɭɡɤɟ ɜ ɫɨɫɟɞɧɢɯ ɫɨɬɚɯ 70%.          
Mɩɨɦ:   DL = 6,4 ɞȻ; UL = 2,8 ɞȻ; 
Gхɨ – ɜɵɢɝɪɵɲ ɨɬ ɯɷɧɞɨɜɟɪɚ. Ɂɧɚɱɟɧɢɟ ɜɵɢɝɪɵɲɚ ɨɬ ɯɷɧɞɨɜɟɪɚ -                
ɪɟɡɭɥɶɬɚɬ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɝɥɭɛɨɤɢɯ ɡɚɦɢɪɚɧɢɣ ɜ 
ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɫɨɬɟ, ɚɛɨɧɟɧɬɫɤɢɣ ɬɟɪɦɢɧɚɥ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɯɷɧɞɨɜɟɪ ɜ 
ɫɨɬɭ ɫ ɥɭɱɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢɟɦɚ. Gхɨ = 1,7 ɞȻ. 
Pэииɦ.ɩɪɞ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
     �эˋˋˏ.˒˓ˇ = �˅ ы˘.˒˓ˇ + �А.˒˓ˇ − ܮ˗.˒˓ˇ,              (4.2) 
ɝɞɟ  Ɋɜых.ɩɪɞ - ɜɵɯɨɞɧɚɹ       ɦɨɳɧɨɫɬɶ     ɩɟɪɟɞɚɬɱɢɤɚ. Ɋɜых.ɩɪɞ ɜ ɥɢɧɢɢ       
«ɜɧɢɡ» (DL) ɜ LTE ɡɚɜɢɫɢɬ ɨɬ ɲɢɪɢɧɵ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɫɚɣɬɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 
ɤɨɥɟɛɚɬɶɫɹ ɨɬ 1,4 ɞɨ 20 ɆȽɰ. ȼ ɩɪɟɞɟɥɚɯ ɞɨ 5 ɆȽɰ ɪɚɰɢɨɧɚɥɶɧɨ ɜɵɛɪɚɬɶ 
ɩɟɪɟɞɚɬɱɢɤɢ TRX ɦɨɳɧɨɫɬɶɸ 20 ȼɬ (43 ɞȻɦ), ɚ ɫɜɵɲɟ 5 ɆȽɰ – 40 ȼɬ           
(46 ɞȻɦ). Ɋɜых.ɩɪɞ:  DL = 46   ɞȻɦ, UL = 33 ɞȻɦ. 
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Ⱦɥɹ ɥɢɧɢɢ DL: 
Pэииɦ.ɩɪɞ = 46 + 18 - 0,3 = 63,7 (ɞȻɦ), 
Ⱦɥɹ ɥɢɧɢɢ UL: 
Ɋэииɦ.ɩɪɞ = 33 (ɞȻɦ). 
Sɱ.ɩɪ  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                              ܵ˚.˒˓ = �˕ ˛.˒˓ + ܯˑ˔˛.˒˓ + ܮ˒˓,                       (4.3) 
ɝɞɟ  Ɋɬш.ɩɪ - ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ ɩɪɢɟɦɧɢɤɚ, Ɋɬш.ɩɪ: DL = -174,4 
ɞȻɦ,   UL = -104,4 ɞȻɦ; 
Мɨɫш.ɩɪ - ɬɪɟɛɭɟɦɨɟ   ɨɬɧɨɲɟɧɢɟ    ɫɢɝɧɚɥ/ɲɭɦ   ɩɪɢɟɦɧɢɤɚ. Ɂɧɚɱɟɧɢɟ 
Мɨɫш.ɩɪ ɜɡɹɬɨ ɞɥɹ ɦɨɞɟɥɢ ɤɚɧɚɥɚ «EnhancedPedestrianA5».             
Мɨɫш.ɩɪ: DL = -0,24 ɞȻ; UL = 0,61 ɞȻ; 
Lɩɪ - ɤɨɷɮɮɢɰɢɟɧɬ ɲɭɦɚ ɩɪɢɟɦɧɢɤɚ, Lɩɪ: DL = 7 ɞȻ, UL = 2,5 ɞȻ; 
Ⱦɥɹ ɥɢɧɢɢ DL: 
Sɱ.ɩɪ = -174,4 + (-0,24) + 7 = -167,64 (ɞȻɦ), 
Ⱦɥɹ ɥɢɧɢɢ UL: 
Sɱ.ɩɪ = -104,4 + 0,61 + 2,5 = -101,29 (ɞȻɦ). 
ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɮɨɪɦɭɥɚɦ (4.2) ɢ (4.3), 
ɪɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɟ ɆȾɉ: 
Ⱦɥɹ ɥɢɧɢɢ DL: 
LМДɉ = 63,7 – (-167,64) – 12 – 6,4 – 8,7 – 1,7 = 205,94 (ɞȻ), 
Ⱦɥɹ ɥɢɧɢɢ UL: 
LМДɉ = 33 – (-101,29) + 18 – 0,4 – 12 – 6,4 – 8,7 + 1,7 = 126,5 (ɞȻ). 
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ɂɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɆȾɉ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɥɢɧɢɣ DL ɢ UL ɜɵɛɢɪɚɟɦ 
ɦɢɧɢɦɚɥɶɧɨɟ, ɱɬɨɛɵ ɜɟɫɬɢ ɩɨɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ ɢ 
ɪɚɞɢɭɫɚ ɫɨɬɵ. Ɉɝɪɚɧɢɱɢɜɚɸɳɟɣ ɥɢɧɢɟɣ ɩɨ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɹɜɥɹɟɬɫɹ ɥɢɧɢɹ ɜɜɟɪɯ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɜɨɥɧ Okumura – Hata. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ 
ɨɛɨɛɳɟɧɢɟɦ ɨɩɵɬɧɵɯ ɮɚɤɬɨɜ, ɜ ɤɨɬɨɪɨɦ  ɭɱɬɟɧɨ ɦɧɨɝɨ ɭɫɥɨɜɢɣ ɢ ɜɢɞɨɜ 
ɫɪɟɞ. ȼ ɦɨɞɟɥɢ Okumura – Hata ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɡɚɬɭɯɚɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɚ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ: ܮˆ = ͸ͻ,ͷ + ʹ͸,ͳ͸ �݃ �݂ − ͳ͵,ͺʹ �݃ ℎ� − ܣሺℎ௥ሻ + ሺͶͶ,ͻ −͸,ͷͷ �݃ ℎ�ሻ ∙ �݃ ݀                                                                                      (4.4) 
ɝɞɟ  fc – ɱɚɫɬɨɬɚ ɨɬ 150 ɞɨ 1500 ɆȽɰ; 
ht – ɜɵɫɨɬɚ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ (ɩɨɞɜɟɫɚ eNB) ɨɬ 30 ɞɨ 300 ɦɟɬɪɨɜ; 
hr – ɜɵɫɨɬɚ ɩɪɢɧɢɦɚɸɳɟɣ ɚɧɬɟɧɧɵ (ɚɧɬɟɧɧɵ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ) ɨɬ 1 ɞɨ 
10 ɦɟɬɪɨɜ; 
d– ɪɚɞɢɭɫ ɫɨɬɵ ɨɬ 1 ɞɨ 20 ɤɦ; 
A(hr) – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ ɩɨɞɜɢɠɧɨɝɨ ɨɛɴɟɤɬɚ, 
ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ. 
ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɫɱɟɬɨɜ: 
 fc = 800 ɆȽɰ; 
 ht = 72 ɦɟɬɪɚ; 
 hr = 3 ɦɟɬɪɚ. 
ɇɚɣɞɟɦ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ A(hr) ɩɨ ɮɨɪɦɭɥɟ: ܣሺℎ௥ሻ = ሺͳ,ͳ ∙ �݃ �݂ − Ͳ,͹ሻ ∙ ℎ௥ − ሺͳ,ͷ͸ ∙ �݃ �݂ − Ͳ,ͺሻ      (4.5) 
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ܣሺℎ௥ሻ = ሺͳ,ͳ ∙ �݃ ͺͲͲ − Ͳ,͹ሻ ∙ ͵ − ሺͳ,ͷ͸ ∙ �݃ ͺͲͲ − Ͳ,ͺሻ = ͵,͹ͷͳ 
ȼɵɱɢɫɥɢɜ ɢɡ ɮɨɪɦɭɥ (4.1 – 4.3) ɪɚɞɢɭɫ ɫɨɬɵ, ɩɨɥɭɱɢɦ, ɱɬɨ d ≈ 9 ɤɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɩɥɨɳɚɞɶ SeNB ɩɨɤɪɵɬɢɹ ɲɟɫɬɢɫɟɤɬɨɪɧɨɝɨ ɫɚɣɬɚ ɩɨ ɮɨɪɦɭɥɟ: ܵ�ே஻ = ͻ √ଷ଼ ∙ ݀ଶ,                                        (4.6) 
ܵ�ே஻ = ͻ √͸ͺ ∙ ͻଶ ≈ ʹʹ,ʹ  ሺˍˏଶሻ. 
 
4.2 ɑɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɟ ɞɟɥɟɧɢɟ ɢ ɫɢɬɭɚɰɢɨɧɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ОNB ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝ. ɂɫɤɢɬɢɦ 
 
Ɉɫɧɨɜɧɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɟɣ ɩɨɞɜɢɠɧɨɣ ɪɚɞɢɨɫɜɹɡɢ 
ɚɛɨɧɟɧɬɫɤɨɝɨ ɞɨɫɬɭɩɚ ɹɜɥɹɟɬɫɹ ɷɬɚɩ ɱɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ, ɦɟɫɬɚ 
ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɥɚɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɪɚɞɢɨɤɚɧɚɥɨɜ ɞɥɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɜɵɩɨɥɧɹɟɬɫɹ ɚɞɚɩɬɚɰɢɹ ɩɥɚɧɨɜ ɤ 
ɭɫɥɨɜɢɹɦ ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɯ ɢ ɱɚɫɬɨɬɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɥɚɧɢɪɭɟɦɨɣ ɡɨɧɵ 
ɨɛɫɥɭɠɢɜɚɧɢɹ. 
ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɭɠɧɨ ɫɨɫɬɚɜɢɬɶ ɫɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ 
ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ОNB ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɟɬɢ. ɐɟɥɶɸ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɣ ɪɚɞɢɨɨɯɜɚɬ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ. 
Ƚɥɚɜɧɨɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ – ɷɬɨ ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɵɦ ɪɚɞɢɨɫɢɝɧɚɥɨɦ 
ɝɭɫɬɨɧɚɫɟɥɟɧɧɵɯ ɱɚɫɬɧɵɯ ɫɟɤɬɨɪɨɜ. ɂɫɯɨɞɹ ɢɯ ɷɬɨɝɨ ɭɫɥɨɜɢɹ, ɚ ɬɚɤ ɠɟ 
ɭɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ, ɜɵɩɨɥɧɢɦ ɪɚɡɦɟɳɟɧɢɟ ɛɚɡɨɜɵɯ 
ɫɬɚɧɰɢɣ.  
Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɤɪɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ОNB, ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɦ ɪɚɞɢɨɫɢɝɧɚɥɨɦ ɪɚɣɨɧɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
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ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 16 ɲɬɭɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɢɬɫɹ ɫɟɬɶ, ɜɫɟ ОNB 
ɤɨɬɨɪɨɣ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
 ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ – 40 ȼɬ; 
 ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɚɧɬɟɧɧɵ – 32 ɦɟɬɪɚ; 
 ɱɢɫɥɨ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɨɜ TRБ – 3 (ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɚɠɞɵɣ ɫɟɤɬɨɪ); 
 ɫɢɫɬɟɦɧɚɹ ɩɨɥɨɫɚ ɞɥɹ ɨɞɧɨɝɨ ɫɟɤɬɨɪɚ – 20 ɆȽɰ (10 ɆȽɰ ɞɥɹ ɥɢɧɢɢ 
«ɜɜɟɪɯ» ɢ 10 ɆȽɰ ɞɥɹ ɥɢɧɢɢ «ɜɧɢɡ»); 
 ɥɢɧɢɹ «ɜɧɢɡ» ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɸ MIMO4×2; 
 ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ: ɥɢɧɢɹ «ɜɧɢɡ» - 102,9 Ɇɛɢɬ/ɫ, ɥɢɧɢɹ 
«ɜɜɟɪɯ» - 54,87 Ɇɛɢɬ/ɫ. 
Ɂɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɞɥɹ ɦɚɤɪɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 4.2. 
 
Ɋɢɫɭɧɨɤ 4.2 – Ɂɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɫɟɬɢ LTE (ɦɚɤɪɨɫɨɬɵ) ɜ ɝ. ɂɫɤɢɬɢɦ 
ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ 
ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɞɚɧɧɨɣ ɫɟɬɢ LTE ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɧɚɫɬɭɩɚɟɬ ɷɬɚɩ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɟ 
ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɚ ɢɦɟɧɧɨ: ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ, ɢɡɦɟɧɟɧɢɟ ɜɵɫɨɬɵ ɩɨɞɜɟɫɚ ɪɚɞɢɨɦɨɞɭɥɟɣ, ɩɨɧɢɠɟɧɢɟ 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
45 11070006.11.03.02.111.ɉɁȼКɊ 
ɢɥɢ ɩɨɜɵɲɟɧɢɟ ɢɡɥɭɱɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɪɚɞɢɨɦɨɞɭɥɟɣ. ɑɚɫɬɨɬɧɨ-
ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɣ ɩɥɚɧ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.3 
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5. ȼɕȻɈɊ ɈȻɈɊɍȾɈȼȺɇɂə ɂ ɌɂɉȺ ɅɂɇɂɃ ɋȼəɁɂ 
 
ɋɨɝɥɚɫɧɨ ɪɚɫɫɱɢɬɚɧɧɨɣ ɟɦɤɨɫɬɢ ɫɟɬɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ, ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ 
ɞɨɫɬɭɩɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ LTE ɜ ɝ. ɂɫɤɢɬɢɦ ɩɨɬɪɟɛɭɟɬɫɹ 16 ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ 
ɬɢɩɚ «ɦɚɤɪɨ». Ɍɚɤɠɟ ɞɥɹ ɦɟɫɬ ɫ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɛɨɧɟɧɬɨɜ ɷɬɨ 
ɰɟɧɬɪ ɝɨɪɨɞɚ ɢ ɦɧɨɝɨɷɬɚɠɧɚɹ ɡɚɫɬɪɨɣɤɚ ɩɥɚɧɢɪɭɟɬɫɹ ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ 17 ɩɢɤɨɫɨɬ. ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɠɞɨɣ eNB ɧɚ 
ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ ɫɨɫɬɚɜɢɬ 158 Ɇɛɢɬ/ɫ, ɚ ɜɫɟɣ ɫɟɬɢ 
LTE ɜ ɝ. ɂɫɤɢɬɢɦ 1,106 Ƚɛɢɬ/ɫ. ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɫɟɬɢ ɜ ɪɚɛɨɬɭ ɧɚɫɬɭɩɚɟɬ ɷɬɚɩ 
ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɡɨɜɵɯ 
ɫɬɚɧɰɢɣ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɫɩɨɫɨɛɨɦ ɪɚɡɦɟɳɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɪɚɞɢɨɦɨɞɭɥɟɣ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɒɉɊȾ ɜɵɛɪɚɧ ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɦɩɚɧɢɹ Ericsson. 
Ȼɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɦɚɤɪɨɫɨɬ RBS 6101 ɫɨɟɞɢɧɹɸɬɫɹ ɩɨ ɨɩɬɢɱɟɫɤɢɦ 
ɤɚɧɚɥɚɦ ɫ EPC ɧɚ ɛɚɡɟ SSR-8000. Ɋɚɞɢɨɛɥɨɤ RRU (Radio 2217) ɢ ɚɧɬɟɧɧɚ 
ɧɚɯɨɞɹɬɫɹ ɧɚ ɦɚɱɬɟ, ɩɪɢɱɟɦ RRU ɨɩɬɢɱɟɫɤɢɦ ɤɚɛɟɥɟɦ ɫɨɟɞɢɧɟɧ ɫ RBS 6101. 
ɑɚɫɬɶ ɫɟɬɢ ɫɨɫɬɨɹɳɚɹ ɢɡ ɩɢɤɨɫɨɬ ɧɚ ɛɟɡɟ RBS-6302 ɪɟɚɥɢɡɨɜɚɧɚ ɜ 
ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. К ɫɟɬɢ EPC ɩɨɞɤɥɸɱɚɟɬɫɹ RBS 6601 (ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 
ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ) ɚ ɤ ɞɚɧɧɨɦɭ ɛɥɨɤɭ ɩɨ ɨɩɬɢɱɟɫɤɢɦ ɜɨɥɨɤɧɚɦ ɩɨɞɤɥɸɱɚɸɬɫɹ 
ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɫ ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɚɦɢ ɮɨɪɦɚɬɚ AIR RBS-6302. 
ɋɟɪɜɢɫɧɵɟ ɲɥɸɡɵ (S-GW, P-GW, SIP, SGSN ) ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ 
ɦɨɞɭɥɹɯ SSR-8000 ɢ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ EPC. Ⱥɩɩɚɪɚɬɭɪɚ ɧɚ ɤɨɬɨɪɨɣ 
ɪɟɚɥɢɡɨɜɚɧɚ EPC ɢɦɟɟɬ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ ɨɩɬɢɱɟɫɤɢɟ ɢɧɬɟɪɮɟɣɫɵ ɞɥɹ 
ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɜɧɟɲɧɢɦ ɫɟɬɹɦ ɢ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. 
ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ SRVCC ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ 
EPC ɫ ɩɨɦɨɳɶɸ SSR-8000 ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɬɶ ɩɟɪɟɞɚɱɭ 
ɝɨɥɨɫɨɜɨɝɨ ɬɪɚɮɢɤɚ ɜ ɫɟɬɹɯ LTE.  
ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɚɛɨɧɟɧɬɚ ɜ ɡɨɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɟɬɢ LTE ɩɟɪɟɞɚɱɚ 
ɝɨɥɨɫɚ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɧɚ ɨɫɧɨɜɟ SIP ɬɟɥɟɮɨɧɢɢ, ɚ ɟɫɥɢ ɨɧ 
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ɩɟɪɟɦɟɫɬɢɬɶɫɹ ɜ ɡɨɧɟ, ɝɞɟ ɨɛɫɥɭɠɢɜɚɧɢɟ LTE ɫɟɬɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɬɨ 
ɩɪɨɢɡɨɣɞɟɬ ɦɝɧɨɜɟɧɧɨɟ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢ ɩɟɪɟɦɚɪɲɪɭɬɢɡɚɰɢɹ ɝɨɥɨɫɨɜɨɝɨ 
ɬɪɚɮɢɤɚ ɧɚ ɫɟɬɶ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɩɨɤɨɥɟɧɢɹ 3G. Ɉɛɳɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ 
ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.1. 
 
Ɋɢɫɭɧɨɤ 5.1 - ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɟɬɢ LTE ɜ ɝ. 
ɂɫɤɢɬɢɦ 
Ɉɛɨɪɭɞɨɜɚɧɢɟ Evolved Packet Core (EPC) 
Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɟɬɢ LTE ɜɵɛɨɪ ɞɟɥɚɟɬɫɹ ɜ ɩɨɥɶɡɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɦɩɚɧɢɢ Ericsson. ȼ ɥɢɧɟɣɤɟ ɩɪɨɞɭɤɬɨɜ ɞɚɧɧɨɣ ɤɨɦɩɚɧɢɢ 
ɟɫɬɶ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɫɟɬɟɜɨɣ ɭɡɟɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɫɟɪɜɢɫɨɜ SGSN ɢ ɆɆȿ. ȼɵɫɨɤɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ SGSN-MME ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɤɥɢɟɧɬ-
ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɣ ɜ ɨɛɫɥɭɠɢɜɚɧɢɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ISP) ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɬɪɚɮɢɤɚ. SGSN-MME ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 
SGSN ɞɥɹ GSM, ɞɨɫɬɭɩ АCDMA, ɦɨɛɢɥɶɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɨɪɝɚɧɢɡɚɰɢɟɣ 
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(MME ), ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ LTE ɢ EЯШХЯОН PКМФОЭ CШrО 
(EPC). EPC ɫɟɬɟɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɚ ɱɟɪɟɡ ɨɛɧɨɜɥɟɧɢɟ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ SGSN ɭɡɥɨɜ, ɱɬɨ ɨɡɧɚɱɚɟɬ, 
ɱɬɨ ɩɪɟɞɵɞɭɳɢɟ ɢɧɜɟɫɬɢɰɢɢ ɜ GSM / АCDMA ɡɚɳɢɳɟɧɵ. ȼ ɤɨɦɩɚɧɢɢ 
Ericsson ɟɫɬɶ ɭɧɢɤɚɥɶɧɵɣ ɨɩɵɬ ɨɬ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɤɨɦɦɟɪɱɟɫɤɢɯ ɫɟɬɟɣ LTE / EPC. Ericsson ɡɚɩɭɫɬɢɥɚ ɩɟɪɜɭɸ ɜ ɦɢɪɟ 
ɤɨɦɦɟɪɱɟɫɤɭɸ ɫɟɬɶ LTE / EPC ɜ ȿɜɪɨɩɟ ɢ ɫɚɦɭɸ ɛɨɥɶɲɭɸ ɜ ɦɢɪɟ ɫɟɬɶ ɜ 
ɋɒȺ. Ɉɧɢ ɬɚɤɠɟ ɫɨɡɞɚɥɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɟɣɫɬɜɭɸɳɢɯ 




Ɋɢɫɭɧɨɤ 5.2 – ȼɧɟɲɧɢɣ ɜɢɞ EPC. 
 
Ʉɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ (SGSN-MME) ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɟɪɟɤɥɸɱɟɧɢɟ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɢ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ / ɫɟɫɫɢɢ ɜ 
GSM, АCDMA ɢ LTE ɫɟɬɹɯ. Ɉɧ ɢɦɟɟɬ ɨɬɥɢɱɧɵɟ, ɩɪɨɜɟɪɟɧɧɵɟ ɂɧɬɟɪɧɟɬ-
ɩɪɨɜɚɣɞɟɪɚɦɢ ɲɢɪɨɤɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɤɨɬɨɪɵɟ 
ɨɩɬɢɦɢɡɢɪɭɸɬ ɪɚɛɨɬɭ ɫɟɬɢ ɢ ɦɢɧɢɦɢɡɢɪɭɸɬ ɨɛɳɭɸ ɫɬɨɢɦɨɫɬɶ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. SGSN ɨɛɧɨɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɝɥɚɞɤɨɝɨ ɨɛɧɨɜɥɟɧɢɹ 
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ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɟɪɜɟɪɚ SGSN-MME ɞɥɹ EЯШХЯОН PКМФОЭ CШrО 
ɫɟɬɟɣ. SGSN-MME ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɪɨɣɧɨɣ ɞɨɫɬɭɩ 3GPP, GSM, АCDMA ɢ 
LTE ɢ ɦɨɠɟɬ ɛɵɬɶ ɜɤɥɸɱɟɧ ɜ SGSN-MME ɫɨɫɬɚɜ. Ɉɩɢɪɚɹɫɶ ɧɚ 
ɩɪɨɜɟɪɟɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ, ɧɨɜɚɹ 
ɩɥɚɬɮɨɪɦɚ SGSN-MME MФVIII ɤɨɦɩɚɧɢɢ ErТМssШЧ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ 
ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɞɚɠɟ ɫɚɦɵɯ ɚɝɪɟɫɫɢɜɧɵɯ ɩɪɨɝɧɨɡɨɜ 
ɪɨɫɬɚ ɬɪɚɮɢɤɚ ɜ ɫɟɬɹɯ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ. Ⱦɚɧɧɵɣ ɫɟɬɟɜɨɣ 
ɭɡɟɥ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɬɥɢɱɧɭɸ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɞɞɟɪɠɢɜɚɟɬ 18 
ɦɢɥɥɢɨɧɨɜ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɧɚ ɭɡɟɥ ɢ ɞɨ 1152000000 ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɨɛɴɟɞɢɧɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Кɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
 GSM, АCDMA, LTE ɞɜɨɣɧɨɣ ɢɥɢ ɬɪɨɣɧɨɣ ɞɨɫɬɭɩ; 
 SGSN-MME ɛɚɡɚ ɞɥɹ GSM, АCDMA ɢ LTE; 
 ɉɨɞɞɟɪɠɤɚ HSPA; 
 3G Direct Tunnel (3GDT); 
 ɉɨɞɞɟɪɠɤɚ AХХ-IP ɢ SIGTRAN; 
 Ȼɟɡɝɪɚɧɢɱɧɚɹ ɦɨɛɢɥɶɧɨɫɬɶ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ɪɚɞɢɨɞɨɫɬɭɩɚ; 
 ȼɵɫɨɤɚɹ ɟɦɤɨɫɬɶ, ɨɞɧɨɫɥɨɬɨɜɨɣ ɪɚɡɴɟɦɚ   
- Ɇɚɫɲɬɚɛɢɪɭɟɬɫɹ ɞɨ 18 MSAU; 
- Ɇɚɥɵɣ ɪɚɡɦɟɪ (0,0024 ɤɜɚɞɪɚɬɧɵɯ ɦɟɬɪɨɜ ɧɚ 100 ɬɵɫ. 
ɩɨɞɤɥɸɱɟɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ); 
- ɇɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ (з 50 ȼɬ ɧɚ 100 ɬɵɫ ɩɪɢɤɪɟɩɥɟɧɧɵɯ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ). 
SGSN-MME ɨɫɧɚɳɟɧ ɦɧɨɝɨɰɟɥɟɜɵɦɢ ɚɩɩɚɪɚɬɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ, 
ɨɛɟɫɩɟɱɢɜɚɹ ɷɤɨɧɨɦɢɱɧɵɣ ɩɟɪɟɯɨɞ ɤ EЯШХЯОН PКМФОЭ CШrО ɚɪɯɢɬɟɤɬɭɪɟ (ɤɚɤ 
ɨɩɪɟɞɟɥɟɧɨ ɜ 3GPP). Ȼɥɚɝɨɞɚɪɹ ɦɨɳɧɨɣ ɚɩɩɚɪɚɬɭɪɟ, ɦɢɝɪɚɰɢɹ ɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ SGSN ɫ MШЛТХТЭв MКЧКРОЦОЧЭ (MME) ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɨɛɧɨɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Кɨɦɩɚɧɢɹ Ericson - ɩɟɪɜɚɹ 
ɤɨɦɩɚɧɢɹ, ɤɨɬɨɪɚɹ ɫɞɟɥɚɥɚ ɷɬɭ ɷɜɨɥɸɰɢɸ ɜ ɫɬɨɪɨɧɭ ɚɪɯɢɬɟɤɬɭɪɵ ɧɚ 
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ɫɟɬɟɜɨɣ IP-ɨɫɧɨɜɟ. ȼ ɚɩɪɟɥɟ 2008 ɝɨɞɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɮɭɧɤɰɢɹ 3G DТrОМЭ 
TЮЧЧОХ ɜ ɬɨɪɝɨɜɨɣ ɫɟɬɢ. 3G DТrОМЭ TЮЧЧОХ ɩɨɡɜɨɥɹɟɬ ɩɭɫɤɚɬɶ ɬɪɚɮɢɤ ɜ ɨɛɯɨɞ 
SGSN-MME, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ ɢ 
ɩɨɡɜɨɥɹɟɬ SGSN ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɟɪɜɟɪɚ ɫɢɝɧɚɥɢɡɚɰɢɢ 
MME. Ɍɚɤɢɟ ɮɭɧɤɰɢɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜ SGSN ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
Ɍɟɯɧɨɥɨɝɢɹ SRVCC - Standardized Single Radio Voice Call 
Continuity  
Ɍɟɯɧɨɥɨɝɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɟɫɲɨɜɧɨɣ ɩɟɪɟɞɚɱɢ ɬɟɤɭɳɟɣ ɫɟɫɫɢɢ 
(ɯɟɧɞɨɜɟɪ), ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɚɹ Кɨɧɫɨɪɰɢɭɦɨɦ 3GPP. ɉɨɡɜɨɥɹɟɬ 
ɨɩɟɪɚɬɨɪɚɦ ɛɟɫɲɨɜɧɨ ɩɟɪɟɞɚɜɚɬɶ ɝɨɥɨɫɨɜɨɣ ɬɪɚɮɢɤ ɢɡ ɫɟɬɟɣ LTE ɜ ɫɟɬɢ 
GSM ɢ АCDMA. Ɉɞɧɚ ɢɡ ɤɥɸɱɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɜɵɯɨɞɟ ɚɛɨɧɟɧɬɚ ɢɡ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɫɟɬɢ 
LTE.  
ɋ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ (ɞɨ 18 MSAU), 
ɧɟɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ ɢ ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɩɥɚɬɮɨɪɦɵ SGSN-MME, 
ɦɨɠɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɢ ɭɩɪɚɜɥɹɬɶ ɪɚɫɬɭɳɢɦɢ ɨɛɴɟɦɚɦɢ ɬɪɚɮɢɤɚ 
ɜ ɦɨɛɢɥɶɧɨɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɢɫɬɟɦɟ ɫɜɹɡɢ. SGSN-MME ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ 
ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɮɭɧɤɰɢɣ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɫɧɢɠɟɧɢɸ ɡɚɬɪɚɬ ɢ 
ɭɜɟɥɢɱɟɧɢɸ ɞɨɯɨɞɨɜ. 
EЫТМЬЬШЧ EЯШХЯОН PКМФОЭ ɲɥɸɡ (EPG), ɜɦɟɫɬɟ ɫ SGSN-MME, 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ EЯШХЯОН PКМФОЭ CШrО (EPC). ɗɬɨ ɹɜɥɹɟɬɫɹ 
ɱɚɫɬɶɸ ɪɟɲɟɧɢɹ ErТМssШЧ ɞɥɹ ɛɵɫɬɪɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɢ 
ɧɚɞɟɠɧɨɣ ɫɟɬɢ LTE. 
ɋɟɪɜɢɫ-ɩɪɨɜɚɣɞɟɪɵ ɢɫɩɨɥɶɡɭɸɬ EPG ɜ ɤɚɱɟɫɬɜɟ ɲɥɸɡɚ ɦɟɠɞɭ ɹɞɪɚ 
ɢɯ ɦɨɛɢɥɶɧɨɣ ɩɚɤɟɬɧɨɣ ɫɟɬɶɸ ɢ ɞɪɭɝɢɦɢ ɫɟɬɹɦɢ ɩɚɤɟɬɧɨɣ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ, ɬɚɤɢɯ ɤɚɤ ɂɧɬɟɪɧɟɬ, ɤɨɪɩɨɪɚɬɢɜɧɵɟ ɫɟɬɢ ɢ ɱɚɫɬɧɵɟ ɫɟɬɢ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ. 
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EPG ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɜɟɪɧɭɬ ɜ ɫɥɟɞɭɸɳɢɯ ɪɟɠɢɦɚɯ ɢɥɢ ɢɯ 
ɫɨɱɟɬɚɧɢɹɯ: 
1. Ɏɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɬɨɥɶɤɨ GGSN; 
2. Кɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ S-GА ɢ PDN-GW; 
3. Кɚɤ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ GGSN, ɬɚɤ ɢ  Ɉɛɫɥɭɠɢɜɚɸɳɢɣ PDN GА. 
ɉɟɪɫɩɟɤɬɢɜɧɨɫɬɶ 
ɉɨɥɶɡɨɜɚɬɟɥɹɦ, ɢɦɟɸɳɢɦ ErТМssШЧ EPG, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ M120 
ɢɥɢ M320 ɩɥɚɬɮɨɪɦɵ ɞɥɹ ɫɜɨɢɯ ɫɟɬɟɣ 3GPP ɦɨɝɭɬ ɥɟɝɤɨ ɩɟɪɟɣɬɢ ɧɚ LTE ɫ 
ɩɨɦɨɳɶɸ ɨɛɧɨɜɥɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ɋɭɳɟɫɬɜɭɸɳɢɟ 
ɤɥɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɦɨɝɭɬ 
ɡɚɦɟɧɢɬɶ ɜɵɲɟɭɩɨɦɹɧɭɬɵɟ ɩɥɚɬɮɨɪɦɵ ɧɚ ɫɟɦɟɣɫɬɜɨ ɩɪɨɞɭɤɬɨɜ SSR 8000. 
ɗɬɨɬ ɩɨɞɯɨɞ ɫɨɯɪɚɧɹɟɬ ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɩɚɪɢɬɟɬɚ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɤɥɢɟɧɬɫɤɨɣ ɫɢɫɬɟɦɵ ɢɧɬɟɝɪɚɰɢɢ, ɬɚɤ ɤɚɤ ɜɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ 
ɢɧɬɟɪɮɟɣɫɵ ɞɪɭɝɢɯ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɩɚɤɟɬɧɨɣ ɫɟɬɢ ɫɨɯɪɚɧɹɸɬɫɹ. 
Ɍɚɤɚɹ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ EPG ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɪɟɞɵɞɭɳɢɟ 
ɛɟɫɩɪɨɜɨɞɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 3GPP (2G, 2G + ɢ 3G), ɜ ɞɨɩɨɥɧɟɧɢɟ ɞɨɫɬɭɩ ɧɚ 
ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɣ ɧɟ ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɵɯ 3GPP, (CDMA, АТ-FТ ɬɨɱɟɤ 
ɞɨɫɬɭɩɚ). Ɉɧɚ ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜɫɟ ɢɡ ɧɢɯ, ɬɨ ɟɫɬɶ, ɦɭɥɶɬɢ-ɞɨɫɬɭɩ, 
ɨɞɧɨɜɪɟɦɟɧɧɨ. 
ɉɨɫɬɪɨɟɧɢɟ LTE ɫɟɬɢ ɫ ErТМssШЧ EPG, ɪɚɛɨɬɚɸɳɢɣ ɧɚ SSR 8000, 
ɩɪɟɞɥɚɝɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɞɪɭɝɢɟ ɭɫɥɭɝɢ ɜ ɬɨɦ ɠɟ ɭɡɥɟ, ɱɬɨ ɢ 
ɬɪɟɛɨɜɚɧɢɹ ɪɵɧɤɚ, ɬɚɤɢɯ ɤɚɤ АТ-FТ ɲɥɸɡ, EPDG ɢ MЮХЭТ-SОrЯТМО ɩɪɨɤɫɢ ɞɥɹ 
ɜɟɛ-ɤɨɧɬɟɧɬɚ ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ SIP ɫɟɪɜɟɪ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɭɫɥɭɝ IP-ɬɟɥɟɮɨɧɢɢ. 
ErТМssШЧ EPG ɩɪɨɫɬɚ ɜ ɭɩɪɚɜɥɟɧɢɢ, ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɶɸ. 
Кɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 
•    ɦɧɨɝɨɭɪɨɜɧɟɜɵɟ ɭɫɥɭɝɢ ɫ ɧɚɫɬɪɨɣɤɨɣ ɞɢɧɚɦɢɱɟɫɤɢɯ QШS ɧɚ 
ɭɫɬɪɨɣɫɬɜɚɯ ɤɨɧɟɱɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ;  
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•         ɜɫɬɪɨɟɧɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɩɨ ɝɥɭɛɨɤɨɣ ɩɪɨɜɟɪɤɟ ɩɚɤɟɬɨɜ (DPI); 
•        ɧɚɞɟɠɧɨɫɬɶ Ɍɟɥɟɤɨɦ-ɤɥɚɫɫɚ ɫ ɩɨɥɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɟɫɫɢɣ;  
•       ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ 30M IP ɫɟɫɫɢɣ ɢ 60 ɦɥɧ ɧɨɫɢɬɟɥɟɣ; 
•         ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɬɪɚɧɡɚɤɰɢɣ ɜ ɫɟɤɭɧɞɭ: 300K + - ɷɬɨ ɨɱɟɧɶ ɜɚɠɧɵɣ 
ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɫɬɚɛɢɥɶɧɨɫɬɢ LTE ɫɟɬɢ; 
•     ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɲɟ 100 Ƚɛɢɬ; 
•   ɧɢɡɤɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ - 40 ȼɬ ɧɚ 100 ɬɵɫ PDP; 
•        ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ 3GPP. 
ɋ ɜɵɫɨɤɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɪɚɫɲɢɪɟɧɧɵɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɧɢɡɤɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ EPG 
ɞɟɥɚɸɬ ɟɝɨ ɢɞɟɚɥɶɧɵɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɪɚɫɬɭɳɟɝɨ ɦɨɛɢɥɶɧɨɝɨ 
ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɬɪɚɮɢɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɚɦ ɡɚɪɚɛɨɬɚɬɶ ɧɚ ɫɜɨɢɯ 
ɢɧɜɟɫɬɢɰɢɹɯ. 
 
Base Station (BS) eNB 
Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɤɨɦɩɚɧɢɟɣ ɫɟɦɟɣɫɬɜɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ RBS 6000 
ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɜɫɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱ, ɫɬɨɹɳɢɯ 
ɩɟɪɟɞ ɨɩɟɪɚɬɨɪɚɦɢ ɫɟɝɨɞɧɹ. Ȼɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɩɪɟɞɥɚɝɚɸɬ ɩɥɚɜɧɨɟ, 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɟ ɪɟɲɟɧɢɟ ɨɬɜɟɱɚɸɳɟɟ ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɜɬɪɚɲɧɟɝɨ ɞɧɹ. 
Ɇɚɤɪɨ ɫɨɬɵ 
ɋɨɬɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɦɚɤɪɨ ɩɨɤɪɵɬɢɟ ɬɟɪɪɢɬɨɪɢɢ ɷɬɨ ɨɫɧɨɜɧɨɣ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɛɥɨɤ ɜ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɞɢɨɫɟɬɢ. Ɇɚɤɪɨ-ɫɨɬɵ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶɸ, ɝɢɛɤɨɫɬɶɸ ɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬ ɜɵɞɟɥɹɟɦɨɟ ɞɥɹ ɧɢɯ ɩɪɨɫɬɪɚɧɫɬɜɨ.  
RBS 6000 ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɥɧɵɣ ɫɩɟɤɬɪ ɦɚɤɪɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɣ. Ɉɧɢ ɹɜɥɹɸɬɫɹ ɦɚɫɲɬɚɛɢɪɭɟɦɵɦɢ ɫ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɫɨɯɪɚɧɹɹ ɨɬɥɢɱɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɯɜɚɬɚ, 
ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɦɟɣɫɬɜɚ RBS 6000. 
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ɋɟɪɢɹ RBS 6000 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɝɢɛɤɨɝɨ ɧɚɛɨɪɚ ɬɟɯɧɨɥɨɝɢɣ 
GSM, АCDMA, LTE ɢ CDMA ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ.  
ɍɞɚɥɟɧɧɵɟ ɫɨɬɵ 
ȼ ɭɞɚɥɟɧɧɵɯ ɫɨɬɚɯ ɪɚɞɢɨ ɭɫɬɪɨɣɫɬɜɚ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɨɬɞɟɥɟɧɵ ɨɬ 
ɨɫɧɨɜɧɨɝɨ ɧɚɛɨɪɚ ɭɫɬɪɨɣɫɬɜ. ɑɚɫɬɢ ɪɚɞɢɨ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 
ɪɹɞɨɦ ɫ ɚɧɬɟɧɧɚɦɢ, ɢɥɢ ɢɧɬɟɝɪɢɪɨɜɚɧɵ ɜ ɫɚɦɭ ɚɧɬɟɧɧɭ, ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ 
ɦɢɧɢɦɭɦɭ ɩɨɬɟɪɢ ɜ ɮɢɞɟɪɟ. Ɉɫɧɨɜɧɨɣ ɧɚɛɨɪ ɭɫɬɪɨɣɫɬɜ (ɨɫɧɨɜɧɨɣ ɛɥɨɤ) 
ɪɚɫɩɨɥɨɠɟɧɵ ɬɚɦ, ɝɞɟ ɨɧ ɛɨɥɶɲɟ ɩɨɞɯɨɞɢɬ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɢ 
ɞɨɫɬɭɩɧɨɫɬɢ. Ƚɥɚɜɧɨɟ ɭɞɚɥɟɧɧɵɟ ɫɨɬɵ ɫɧɢɠɚɸɬ ɩɨɬɟɪɢ ɜ ɮɢɞɟɪɟ ɢ 
ɩɨɡɜɨɥɹɸɬ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɢ ɢ ɬɟ ɠɟ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ 
ɮɭɧɤɰɢɢ ɫɟɬɢ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ, ɬɟɦ ɫɚɦɵɦ ɫɧɢɠɚɹ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ. 
ȼ ɦɚɤɪɨ RBS ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɫɧɨɜɧɨɣ ɛɥɨɤ (ЦКТЧ ЮЧТЭ) 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɭɞɚɥɟɧɧɨɣ ɫɨɬɵ. 
ɍɞɚɥɟɧɧɵɟ ɪɚɞɢɨ ɜ ɝɥɚɜɧɨɣ ɭɞɚɥɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɨɝɭɬ ɛɵɬɶ 
ɞɜɭɯ ɬɢɩɨɜ: ɍɞɚɥɟɧɧɵɣ ɪɚɞɢɨ ɦɨɞɭɥɶ (RRU) ɢ ɚɧɬɟɧɧɚ ɫ ɜɫɬɪɨɟɧɧɵɦ 
ɪɚɞɢɨ ɦɨɞɭɥɟɦ (AIR). ɍɞɚɥɟɧɧɵɟ ɪɚɞɢɨ ɦɨɞɭɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɪɹɞɨɦ ɫ ɚɧɬɟɧɧɚɦɢ, ɢ ɦɨɝɭɬ ɦɨɧɬɢɪɨɜɚɬɶɫɹ ɥɢɛɨ ɧɚ ɫɬɟɧɟ ɢɥɢ 
ɨɩɨɪɟ. ȼ AIR ɦɨɞɭɥɟ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɪɚɞɢɨ ɦɨɞɭɥɶ ɢ ɚɧɬɟɧɧɵ 
ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɞɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɦɟɫɬɟ ɨɛɵɱɧɨɣ 
ɚɧɬɟɧɧɵ. ɂ RRU ɢ AIR ɞɨɫɬɭɩɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ, ɦɨɳɧɨɫɬɢ ɢ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ. 
Ƚɢɛɪɢɞɧɵɟ ɫɨɬɵ 
Ȼɥɚɝɨɞɚɪɹ ɦɨɞɭɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ RBS 6000, ɦɚɤɪɨ- ɢ ɭɞɚɥɟɧɧɵɟ 
ɫɨɬɵ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɚɤɪɨ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɦɨɠɟɬ 
ɬɚɤɠɟ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɭɞɚɥɟɧɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɟɬɢ. ɗɬɨ ɞɚɟɬ ɩɪɟɤɪɚɫɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɞɨɛɚɜɥɟɧɢɹ 
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ɧɨɜɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢ / ɢɥɢ ɫɬɚɧɞɚɪɬɚ ɪɚɞɢɨ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ 
ɫɨɬɟ. 
Ɉɫɧɨɜɧɵɟ ɛɥɨɤɢ ɦɨɝɭɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɲɤɚɮɭ 
ɦɚɤɪɨ- ɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɭɞɚɥɟɧɧɨɦɭ ɪɚɞɢɨ ɦɨɞɭɥɸ ɫ ɩɨɦɨɳɶɸ ɜɨɥɨɤɨɧɧɨ-
ɨɩɬɢɱɟɫɤɢɯ ɢ ɫɢɥɨɜɵɯ ɤɚɛɟɥɟɣ. ɍɞɚɥɟɧɧɵɟ ɪɚɞɢɨ ɦɨɞɭɥɢ ɦɨɝɭɬ ɛɵɬɶ RRU 
ɢɥɢ AIR ɦɨɞɭɥɢ. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɞɥɹ ɭɞɚɥɟɧɧɵɯ ɪɚɞɢɨɫɬɚɧɰɢɣ ɜ 
ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɩɪɟɞɭɫɦɨɬɪɟɧ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɲɤɚɮɟ. 
ɋɨɬɵ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ 
Ⱦɨɛɚɜɥɟɧɢɟ ɧɟɛɨɥɶɲɢɯ ɫɨɬ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɢɧɫɬɪɭɦɟɧɬɚɯ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɟɬɟɣ (HОЭNОЭ). Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ, RBS 6000 ɬɚɤɠɟ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɹɞ ɩɪɨɞɭɤɬɨɜ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɬɚɤɢɯ 
ɦɚɥɟɧɶɤɢɯ ɫɨɬ. ɉɪɨɞɭɤɬɵ ɢɦɟɸɬ ɜɵɯɨɞɧɭɸ ɦɨɳɧɨɫɬɶ ɢ ɟɦɤɨɫɬɶ, 
ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟɧɚɜɹɡɱɢɜɵɣ ɞɢɡɚɣɧ, ɱɬɨ ɞɟɥɚɟɬ 
ɢɯ ɢɞɟɚɥɶɧɵɦɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɤɚɠɞɨɣ ɫɪɟɞɟ ɢɥɢ ɡɞɚɧɢɢ. 
Ericsson RBS 6101 
Ɇɚɥɚɹ ɨɬɤɪɵɬɚɹ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ  
 
Ɋɢɫɭɧɨɤ 5.3 – ȼɧɟɲɧɢɣ ɜɢɞ RBS 6101. 
ErТМssШЧ RBS 6101 ɹɜɥɹɟɬɫɹ ɧɟɛɨɥɶɲɨɣ, ɦɭɥɶɬɢ-ɫɬɚɧɞɚɪɬɧɨɣ, 
ɨɬɤɪɵɬɨɣ ɦɚɤɪɨ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ. Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧɚ ɤɚɤ 
ɬɪɚɞɢɰɢɨɧɧɚɹ ɦɚɤɪɨ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ, ɤɚɤ ɫɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɫɨɬ ɢ ɤɚɤ 
ɨɫɧɨɜɧɨɣ ɦɨɞɭɥɶ ɞɥɹ ɭɞɚɥɟɧɧɵɯ ɫɨɬ ɢɥɢ ɜɨɨɛɳɟ ɛɵɬɶ ɫɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɦɚɤɪɨ- ɢ ɭɞɚɥɟɧɧɵɯ ɫɨɬ ɜ ɝɢɛɪɢɞɧɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɫɟɬɢ. 
Ɉɩɢɫɚɧɢɟ ɩɪɨɞɭɤɬɚ 
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RBS 6101 ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɧɭɸ ɫɨɬɭ ɜ ɨɞɧɨɦ ɲɤɚɮɭ, ɩɨɞɞɟɪɠɢɜɚɹ 
ɲɢɪɨɤɢɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɚ ɜ ɨɞɧɨɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ 
ɫɬɚɧɞɚɪɬɨɜ ɪɚɞɢɨɫɜɹɡɢ. Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜɨ ɜɫɟɣ 
ɪɚɞɢɨɫɟɬɢ, ɝɞɟ ɨɯɜɚɬ ɢ ɟɦɤɨɫɬɶ ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɫɩɟɲɧɨɝɨ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɢɥɢ ɪɚɫɲɢɪɟɧɢɹ ɫɟɬɢ. ɉɨɞɯɨɞɢɬ ɞɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ 
ɬɢɩɢɱɧɵɯ ɫɨɬ, ɝɨɪɨɞɫɤɢɯ ɫɨɬ ɫ ɭɫɬɚɧɨɜɤɨɣ ɧɚ ɤɪɵɲɚɯ ɡɞɚɧɢɣ ɢ ɫɟɥɶɫɤɢɯ 
ɨɬɤɪɵɬɵɯ ɭɱɚɫɬɤɚɯ. 
Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧ ɤɚɤ ɩɨɥɧɚɹ ɦɚɤɪɨ ɫɨɬɚ ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜɧɭɬɪɢ ɪɚɞɢɨ ɦɨɞɭɥɹɦɢ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɤɪɨ-
ɫɨɬɵ, RBS 6101 ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɚ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ 
ɥɸɛɵɯ ɤɨɦɛɢɧɚɰɢɣ ɰɢɮɪɨɜɵɯ ɢ ɪɚɞɢɨ ɦɨɞɭɥɟɣ, ɞɟɥɚɸɳɢɟ ɞɨɫɬɭɩɧɵɦɢ 
ɜɫɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɚɧɞɚɪɬɵ ɪɚɞɢɨɫɜɹɡɢ ɢ ɩɨɥɨɫɵ ɱɚɫɬɨɬ. RBS 6101 
ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ 
ɭɞɚɥɟɧɧɨɣ ɫɨɬɟ.  
Ɂɞɟɫɶ ɪɚɞɢɨ ɦɨɞɭɥɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɭɞɚɥɟɧɧɨ, ɫ ɬɟɦ ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɥɭɱɲɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɸɞɠɟɬ ɪɚɞɢɨɥɢɧɢɢ. ɍɞɚɥɟɧɧɵɟ ɪɚɞɢɨ 
ɫɜɹɡɚɧɵ ɫ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɦ CPRI ɢɧɬɟɪɮɟɣɫɨɦ. RBS 6101 ɬɚɤɠɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɢɬɚɧɢɟ ɞɨ ɞɟɜɹɬɢ ɭɞɚɥɟɧɧɵɯ ɪɚɞɢɨɫɬɚɧɰɢɣ. 
ɗɬɢ ɞɜɚ ɬɢɩɚ ɤɨɧɮɢɝɭɪɚɰɢɣ, ɦɚɤɪɨ ɢ ɭɞɚɥɟɧɧɵɟ ɫɨɬɵ, ɦɨɝɭɬ ɛɵɬɶ 
ɨɛɴɟɞɢɧɟɧɵ ɜ 6101 ɲɤɚɮɭ. ȼ ɷɬɢɯ ɝɢɛɪɢɞɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ RBS 6101 
ɨɫɧɚɳɟɧ ɤɚɤ ɜɧɭɬɪɟɧɧɢɦɢ ɪɚɞɢɨ ɦɨɞɭɥɹɦɢ, ɬɚɤ ɢ ɜɧɟɲɧɢɦɢ ɪɚɞɢɨ 
ɦɨɞɭɥɹɦɢ. 
RBS Ɇɨɞɭɥɢ 
Ɇɨɞɭɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɢɡ RBS 6000 ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɛɥɨɤɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɜ ɫɟɦɟɣɫɬɜɟ 
RBS 6000. ɗɬɨ ɞɚɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɥɨɝɢɫɬɢɤɢ, ɦɨɧɬɚɠɚ ɢ 
ɞɨɫɬɭɩɧɨɫɬɢ ɤ ɨɫɧɨɜɧɵɦ ɭɡɥɚɦ ɫɢɫɬɟɦɵ. 
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ɍɞɚɥɟɧɧɵɣ ɪɚɞɢɨɛɥɨɤ (RRU) 
ɍɞɚɥɟɧɧɵɣ ɪɚɞɢɨɛɥɨɤ (RRU) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɪɹɞɨɦ ɫ 
ɚɧɬɟɧɧɚɦɢ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɤɪɟɩɥɟɧ ɧɚ ɫɬɟɧɟ ɢɥɢ ɨɩɨɪɟ. ɍɫɬɪɨɣɫɬɜɚ 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɦɭɥɶɬɢ-ɫɬɚɧɞɚɪɬɧɵɟ ɨɩɟɪɚɰɢɢ, ɤɨɬɨɪɚɹ ɨɡɧɚɱɚɸɬ, ɱɬɨ ɨɧɢ 
ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɟɠɢɦɚɯ GSM, АCDMA ɢɥɢ LTE ɧɚ ɬɨɬ ɠɟ RRU 
ɨɛɨɪɭɞɨɜɚɧɢɢ. Ⱦɜɚ ɫɬɚɧɞɚɪɬɚ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɤɚɠɞɨɦ 
ɛɥɨɤɟ. 
RRU ɞɨɫɬɭɩɟɧ ɜ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɹɯ: ɩɨɞɞɟɪɠɤɚ ɨɞɧɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ 
ɧɚ ɫɟɤɬɨɪ ɞɨ ɜɨɫɶɦɢ ɩɟɪɟɞɚɬɱɢɤɨɜ ɧɚ ɫɟɤɬɨɪ ɨɬ 10 ɞɨ 160 ȼɬ. 
Antenna Integrated Radio (AIR) 
Ⱥɪɯɢɬɟɤɬɭɪɚ AIR ɚɧɚɥɨɝɢɱɧɨ ɜ RRU ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɜɫɟ 
ɤɨɦɩɨɧɟɧɬɵ ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɞɧɨɣ ɹɱɟɣɤɢ ɢɥɢ ɫɟɤɬɨɪɚ ɫɨɬɵ 
ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɵɣ ɛɥɨɤ. ɗɬɨ ɭɫɬɪɨɣɫɬɜɨ ɡɚɦɟɧɹɟɬ ɚɧɬɟɧɧɭ, RRU, 
ɭɫɢɥɢɬɟɥɶ (TMA) ɢ ɮɢɞɟɪɧɵɟ ɩɟɪɟɦɵɱɤɢ. AIR ɬɚɤɠɟ ɦɨɠɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɜ 
ɤɚɱɟɫɬɜɟ ɨɛɵɱɧɨɣ ɩɚɫɫɢɜɧɨɣ ɚɧɬɟɧɧɵ ɧɚ ɜɬɨɪɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ, ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ ɛɭɞɭɱɢ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɪɚɞɢɨ/ɚɧɬɟɧɧɨɣ ɧɚ ɩɟɪɜɨɣ ɩɨɥɨɫɟ. 
ɍɫɬɚɧɨɜɤɚ ɭɦɟɧɶɲɟɧɧɵɯ ɦɨɞɭɥɟɣ AIR ɜ ɫɨɬɟ ɩɨɡɜɨɥɹɟɬ: 
• ɋɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɫɨɬɟ; 
• ɍɩɪɨɳɚɟɬɫɹ ɩɨɢɫɤ ɧɨɜɵɯ ɫɨɬ ɢɥɢ ɨɛɧɨɜɥɟɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɨɬ 
(ɡɨɧɢɪɨɜɚɧɢɹ ɢ ɸɪɢɫɞɢɤɰɢɨɧɧɵɟ ɫɨɝɥɚɫɨɜɚɧɢɹ); 
• ɍɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɦɚɱɬɟ ɫɧɢɠɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɨɛɳɟɣ ɧɚɝɪɭɡɤɟ 
ɜɟɬɪɚ ɞɥɹ ɦɚɱɬɵ. 
Ȼɥɚɝɨɞɚɪɹ ɬɟɫɧɨɣ ɢɧɬɟɝɪɚɰɢɢ ɢɦɟɟɬ ɥɭɱɲɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɪɚɞɢɨ ɢɧɬɟɪɮɟɣɫɚ ɢ ɭɥɭɱɲɟɧɧɨɟ ɪɚɞɢɨ ɩɨɤɪɵɬɢɟ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɣ. 
Ɉɞɧɚ ɟɞɢɧɢɰɚ AIR ɦɨɠɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɨɞɢɧ ɚɤɬɢɜɧɵɣ ɞɢɚɩɚɡɨɧ 
ɱɚɫɬɨɬ ɜ ɨɞɧɨɦ ɫɟɤɬɨɪɟ. AIR ɦɨɞɭɥɶ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɬɚɧɞɚɪɬɵ GSM, 
АCDMA ɢ LTE. Кɚɠɞɵɣ ɛɥɨɤ AIR ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɨɞɢɧ ɢɥɢ 
ɤɨɦɛɢɧɚɰɢɸ ɢɡ ɞɜɭɯ ɫɬɚɧɞɚɪɬɨɜ. 
 





Ɋɢɫɭɧɨɤ 5.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɛɥɨɤɨɜ RRU ɢ AIR. 
 
Ericsson RBS 6601 
 
ɗɪɢɤɫɫɨɧ RBS 6601 ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɧɟɛɨɥɶɲɢɦ ɡɚɤɪɵɬɵɦ ɦɨɞɭɥɟɦ 
ɭɞɚɥɟɧɧɨɣ ɫɨɬɵ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɜɫɬɚɜɥɟɧ ɜ ɫɬɚɧɞɚɪɬɧɭɸ 19-
ɞɸɣɦɨɜɭɸ ɫɬɨɣɤɭ ɢɥɢ ɫɭɳɟɫɬɜɭɸɳɭɸ RBS ɦɚɤɪɨ. 
RBS 6601 ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɲɟɧɢɟ ɨɱɟɧɶ ɫɥɨɠɧɵɯ ɫɨɬ, ɤɨɝɞɚ ɞɨɫɬɭɩɧɨ 
ɦɢɧɢɦɚɥɶɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɧɚɩɪɢɦɟɪ, ɜ ɩɨɦɟɳɟɧɢɹɯ ɝɨɪɨɞɫɤɢɯ ɫɨɬ ɢɥɢ ɜ 
ɩɨɦɟɳɟɧɢɹɯ. 
Кɨɧɰɟɩɰɢɹ ɭɞɚɥɟɧɧɨɣ ɫɨɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɟ ɠɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɤɚɤ ɦɚɤɪɨ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ, ɧɨ ɫ ɛɨɥɟɟ 
ɧɢɡɤɢɦ ɩɨɬɪɟɛɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɢ ɦɟɧɶɲɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɞɥɹ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɨɬɵ. 
Ɋɚɞɢɨ ɦɨɞɭɥɢ, ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɨɫɧɨɜɧɨɦɭ ɛɥɨɤɭ RBS 6601 ɦɨɝɭɬ 
ɛɵɬɶ ɥɢɛɨ ɞɢɫɬɚɧɰɢɨɧɧɵɦɢ ɪɚɞɢɨ ɦɨɞɭɥɹɦɢ (RRU), ɤɨɬɨɪɵɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɢ ɞɥɹ ɩɪɨɫɬɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɛɥɢɡɤɨ ɤ 
ɚɧɬɟɧɧɟ ɧɚ ɫɬɟɧɟ ɢɥɢ ɛɚɲɧɟ ɭɫɬɚɧɨɜɤɢ, ɬɟɦ ɫɚɦɵɦ ɦɢɧɢɦɢɡɢɪɭɹ ɩɨɬɟɪɢ ɜ 
ɮɢɞɟɪɟ. Ⱦɪɭɝɨɣ ɜɚɪɢɚɧɬ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ Antenna-Integrated 
Radio (AIR), ɝɞɟ ɦɨɞɭɥɢ ɪɚɞɢɨ ɢ ɚɧɬɟɧɧɚ, ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɵɣ ɛɥɨɤ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɨɛɵɱɧɨɦ ɦɟɫɬɟ ɞɥɹ ɚɧɬɟɧɧɵ. 




Ɋɢɫɭɧɨɤ 5.5 – ȼɧɟɲɧɢɣ ɜɢɞ SSR 8000. 
ɋɨɬɨɜɵɟ RBS ɪɟɲɟɧɢɹ 
Ɋɟɲɟɧɢɹ ɤɨɦɩɚɧɢɢ Ericsson ɞɥɹ ɫɨɬɨɜɵɯ ɫɢɫɬɟɦ (RBS) ɨɫɧɨɜɚɧɵ ɧɚ 
ɥɢɧɟɣɤɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɞɥɹ RBS ɩɪɨɞɭɤɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɥɧɨɝɨ 
ɫɨɡɞɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɬɨɜɵɯ ɫɟɬɟɣ ɫ ɜɵɫɨɤɢɦ ɤɚɱɟɫɬɜɨɦ ɢ 
ɨɩɬɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɬɢ. 
Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɪɟɲɟɧɢɣ RBS , ɹɜɥɹɸɬɫɹ: 
ɉɪɨɞɭɤɬɵ ɩɪɨɲɟɞɲɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ 
ȼɫɟ ɩɪɨɞɭɤɬɵ ɜ ɫɨɫɬɚɜɟ ɪɟɲɟɧɢɣ RBS ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɢ 
ɡɚɞɨɤɭɦɟɧɬɢɪɨɜɚɧɵ ɜɦɟɫɬɟ ɫ ɛɚɡɨɜɵɦɢ ɫɬɚɧɰɢɹɦɢ ɞɥɹ ɝɚɪɚɧɬɢɢ, ɱɬɨ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɧɢɤɚɤɢɯ ɫɥɚɛɵɯ ɫɜɹɡɟɣ ɢ ɩɪɨɛɥɟɦ ɚɞɚɩɬɚɰɢɢ ɩɪɢ ɭɫɬɚɧɨɜɤɟ 
ɫɨɟɞɢɧɟɧɢɹ ɫ ɫɟɬɶɸ. ɗɬɨ ɝɚɪɚɧɬɢɪɭɟɬ, ɱɬɨ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ 
ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ, ɚ ɬɚɤɠɟ ɧɟ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. 
Ƚɥɨɛɚɥɶɧɵɟ ɭɫɥɭɝɢ  
ɋɥɭɠɛɚ GХШЛКХ SОrЯТМОs ɢɦɟɟɬ ɭɧɢɤɚɥɶɧɵɣ, ɜɫɟɨɛɴɟɦɥɸɳɢɣ ɧɚɛɨɪ, 
ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɢ ɨɩɬɢɦɢɡɢɪɭɸɳɢɣ ɫɨɬɨɜɵɟ ɩɪɨɞɭɤɬɵ ɢ ɪɟɲɟɧɢɹ ɨɬ 
Ericsson. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɞɞɟɪɠɤɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
ɪɚɡɜɢɬɢɹ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɢɧɞɭɫɬɪɢɢ, ɩɪɟɞɨɫɬɚɜɥɹɹ ɧɚɲɢɦ 
ɤɥɢɟɧɬɚɦ ɩɨɥɧɵɣ ɫɩɟɤɬɪ ɭɫɥɭɝ; ɨɬ ɭɫɬɚɧɨɜɤɢ ɞɨ ɭɩɪɚɜɥɹɟɦɵɯ ɭɫɥɭɝ. 
Ɂɚɤɚɡ ɧɚ ɨɫɧɨɜɟ ɩɨɬɪɟɛɧɨɫɬɟɣ ɤɥɢɟɧɬɚ  
Кɨɦɩɚɧɢɹ ɢɦɟɟɬ ɩɪɹɦɵɟ ɩɨɫɬɚɜɤɢ, ɤɨɬɨɪɵɟ ɚɞɚɩɬɢɪɨɜɚɧɵ ɞɥɹ 
ɪɟɲɟɧɢɹ ɰɟɧɬɪɚɥɶɧɵɯ, ɪɟɝɢɨɧɚɥɶɧɵɯ ɢ ɦɟɫɬɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ. ɉɪɨɰɟɫɫ 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
59 11070006.11.03.02.111.ɉɁȼКɊ 
ɡɚɤɚɡɚ ɨɱɟɧɶ ɩɪɨɫɬ; ɫ ɡɚɩɪɨɫɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɬɨɥɶɤɨ 
ɧɟɤɨɬɨɪɵɟ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɬɪɟɛɭɟɦɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ.  
ɋɢɫɬɟɦɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɞɭɤɬɨɜ 
Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɜ ɧɚɛɨɪɟ ɪɟɲɟɧɢɣ ɢ ɩɪɨɞɭɤɬɨɜ RBS ɩɪɟɞɥɚɝɚɸɬɫɹ 
ɬɨɥɶɤɨ ɬɨɜɚɪɵ, ɤɨɬɨɪɵɟ ɭɠɟ ɩɪɨɜɟɪɟɧɧɵɟ, ɨɡɧɚɱɚɸɳɟɟ, ɱɬɨ ɭɫɬɚɧɨɜɤɚ ɢ 
ɢɫɩɵɬɚɧɢɹ ɛɭɞɭɬ ɩɪɨɯɨɞɢɬɶ ɛɵɫɬɪɟɟ ɢ ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɨɬɵ, ɦɨɠɟɬ ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟɧɨ. Ɋɟɲɟɧɢɹ RBS 
ɞɟɥɚɸɬ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ  ɞɥɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ, ɱɬɨ ɞɚёɬ ɛɨɥɟɟ ɛɵɫɬɪɵɣ 
ɪɨɥɥ-ɚɭɬ ɢ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɨɤɭɩɚɟɦɨɫɬɢ.  
ɉɪɨɞɭɤɬɵ ɢɡ ɪɚɡɞɟɥɚ ɫɨɬɨɜɵɯ RBS ɪɟɲɟɧɢɣ: 
 Ⱥɧɬɟɧɧɵɟ ɫɢɫɬɟɦɵ (ɚɧɬɟɧɧɵ, ɌɆȺ, ɮɢɥɶɬɪɵ, ɮɢɞɟɪɵ); 
 ɍɫɬɚɧɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɢɧɫɬɪɭɦɟɧɬɵ; 
 ɉɢɬɚɧɢɟ ɞɥɹ ɧɚɪɭɠɧɨɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ RBS; 
 ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɹ 
 ɉɟɪɟɞɚɱɚ; 
 
Ericsson Media Gateway for Mobile Networks M-MGw 
M-MGА ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɦɟɞɢɚ-
ɩɥɨɫɤɨɫɬɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɨɛɢɥɶɧɨɣ ɫɟɬɢ, ɩɪɟɞɥɚɝɚɹ ɩɨɞɞɟɪɠɤɭ 
ɛɟɡɨɩɚɫɧɨɝɨ IP-ɬɪɚɧɫɩɨɪɬɚ ɢ ɝɨɥɨɫɚ HD ɩɨ ɜɫɟɦ ɢɧɬɟɪɮɟɣɫɚɦ. Ɉɧ ɬɚɤɠɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɤɭ ɨɛɥɟɝɱɟɧɢɹ ɦɢɝɪɚɰɢɢ ɤ VШLTE ɢ IMS ɬɨɥɶɤɨ ɫ 
ɨɛɧɨɜɥɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɞɨɛɚɜɥɟɧɢɟɦ ɨɬɞɟɥɶɧɵɯ 
ɩɪɢɥɨɠɟɧɢɣ. 
Ɉɩɢɫɚɧɢɟ ɩɪɨɞɭɤɬɚ 
MОНТК GКЭОаКв ɞɥɹ ɫɟɬɟɣ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ (M-MGА) ɹɜɥɹɟɬɫɹ 
ɜɵɫɨɤɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɦɟɞɢɚ ɩɪɨɞɭɤɬ ɢɫɩɨɥɶɡɭɟɦɵɣ ɧɚ ɝɥɨɛɚɥɶɧɨɦ 
ɭɪɨɜɧɟ ɩɨɱɬɢ ɜ 400 ɫɟɬɹɯ. ɗɬɨ ɪɟɲɟɧɢɟ ɞɥɹ ɬɚɤɢɯ ɩɪɨɛɥɟɦ ɫ ɤɨɬɨɪɵɦɢ 
ɨɩɟɪɚɬɨɪɵ ɫɬɚɥɤɢɜɚɸɬɫɹ ɫɟɝɨɞɧɹ ɢ ɜ ɛɭɞɭɳɟɦ, ɧɚɩɪɢɦɟɪ, ɤɚɤ 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
60 11070006.11.03.02.111.ɉɁȼКɊ 
ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɡɚɬɪɚɬɵ ɧɚ ɝɨɥɨɫɨɜɵɟ ɩɪɨɞɭɤɬɵ ɢ ɤɚɤ ɡɚɳɢɬɢɬɶ ɞɨɯɨɞɵ ɜ 
ɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɹɯ ɬɟɥɟɮɨɧɢɢ. 
ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɜɧɟɞɪɟɧɢɹ ɜ ɫɟɬɶ ɞɥɹ ɨɛɦɟɧɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɟɬɟɜɵɯ ɪɟɫɭɪɫɨɜ 
ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ. M-MGА ɩɨɞɞɟɪɠɢɜɚɟɬ IP-ɬɪɚɧɫɩɨɪɬɚ ɧɚ ɜɫɟɯ 
ɢɧɬɟɪɮɟɣɫɚɯ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɨ ɢɡ ɨɞɧɨɝɨ ɤɨɧɰɚ ɜ ɞɪɭɝɨɣ ɤɨɧɟɰ 
ɨɛɟɫɩɟɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɭɸ ɩɟɪɟɞɚɱɭ ɝɨɥɨɫɚ HD ɫ ɷɮɮɟɤɬɢɜɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ. ɉɨɞɞɟɪɠɤɚ M-MРА IP ɜɤɥɸɱɚɟɬ 
ɬɚɤɠɟ ɢɧɬɟɪɮɟɣɫ ɞɥɹ GSM ɪɚɞɢɨ ɢ ɢɧɬɟɪɮɟɣɫɚ VШIP ɜ IMS ɢ ɞɪɭɝɢɯ 
ɜɧɟɲɧɢɯ ɦɨɛɢɥɶɧɵɯ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɫɟɬɟɣ). 
ɍɧɢɤɚɥɶɧɵɣ ɩɨɞɯɨɞ ɫɜɨɞɢɬ ɜɫɟ ɮɭɧɤɰɢɢ ɩɥɨɫɤɨɫɬɢ ɦɟɞɢɚ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɞɧɭ, ɩɨɡɜɨɥɹɹ M-MРА ɛɵɬɶ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ 
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɪɢ ɜɧɟɞɪɟɧɢɢ VOLTE ɢ IMS ɭɫɥɭɝ. M-MGW 
ɦɨɠɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɪɢɦɟɧɟɧɢɟ MРА ɧɨ ɢ ɩɪɢɦɟɧɟɧɢɟ BGF 
ɩɪɟɞɥɚɝɚɹ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɝɨ IP-ɬɪɚɧɫɩɨɪɬɚ ɤ ɜɧɟɲɧɢɦ ɫɟɬɹɦ, ɚ 
ɬɚɤɠɟ ɩɨɞɞɟɪɠɤɭ MRFP ɢ MRFC ɩɪɢɥɨɠɟɧɢɣ, ɩɪɟɞɥɚɝɚɸɳɢɯ 
ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɨɛɴɹɜɥɟɧɢɹ ɢ ɤɨɧɮɟɪɟɧɰ-ɫɜɹɡɢ ɜ ɦɭɥɶɬɢɦɟɞɢɣɧɨɣ ɫɪɟɞɟ. 
ɉɨɞɞɟɪɠɤɚ HD ɩɟɪɟɤɨɞɢɪɨɜɚɧɢɹ ɜɢɞɟɨ ɜ M-MGА ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ 
ɬɚɤɢɟ ɭɫɥɭɝɢ, ɤɚɤ ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɫɜɹɡɶ ɫ HD ɤɚɱɟɫɬɜɨɦ ɢ ɬ.ɩ. 
ɋɨɜɦɟɫɬɧɨɟ ɪɚɡɦɟɳɟɧɢɟ ɪɟɱɢ ɮɨɪɦɚɬɚ HD ɢ ɭɫɥɭɝ HD ɜɢɞɟɨ 
ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɛɚɡɭ MGА ɞɥɹ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ 
ɭɫɥɭɝ. ɗɬɨ ɩɨɦɨɝɚɟɬ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɦɟɞɢɚ ɩɥɨɫɤɨɫɬɟɣ ɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɭɡɥɨɜ ɜ ɫɟɬɢ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɭɱɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɫɟɬɢ ɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ. 
 




Ɋɢɫɭɧɨɤ 5.6 – ȼɧɟɲɧɢɣ ɜɢɞ ɛɥɨɤɚ MОНТК GКЭОаКв. 
 
ɋɢɫɬɟɦɚ ɪɚɞɢɨ-ɪɟɥɟɣɧɨɣ ɫɜɹɡɢ MINI-LINK PT 
ɋɢɫɬɟɦɚ MINI-LINK PT ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɵɦ ɩɪɨɞɭɤɬɨɦ ɢ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɞɥɹ ɩɚɤɟɬɧɵɯ ɫɟɬɟɣ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Radio Ethernet 
ɩɪɨɬɨɤɨɥɚ. MINI-LINK PT ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɪɚɡɜɟɪɧɭɬɚ ɜ ɨɬɞɟɥɶɧɨ 
ɫɬɨɹɳɢɯ ɦɟɫɬɚɯ ɢ/ɢɥɢ ɤɨɧɟɱɧɵɯ ɨɛɴɟɤɬɨɜ, ɝɞɟ ɢɦɟɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ 
Ethernet. Кɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɪɚɡɜɟɪɧɭɬɶ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ 
MINI-LINK ɭɡɥɚɦɢ, ɧɚɩɪɢɦɟɪ, MINI-LINK SP & MINI-LINK 
TN. Ɋɚɡɥɢɱɧɵɟ ɩɪɨɞɭɤɬɵ MINI-LINK PT ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɫɰɟɧɚɪɢɟɜ ɢ ɡɚɞɚɱ. MINI-LINK PT 2020, ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɪɚɞɢɨɦɨɫɬɨɜ ɩɪɹɦɨɣ ɜɢɞɢɦɨɫɬɢ. Ɉɫɧɨɜɧɵɟ ɭɞɚɥɟɧɧɵɟ, ɦɢɤɪɨ / ɩɢɤɨ-ɫɨɬɵ 
ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, 6-42 ȽȽɰ. MINI- LINK PT 3060 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɚɥɵɯ ɫɨɬ ɜ ɜɢɞɟ ɪɟɡɟɪɜɧɨɝɨ ɤɚɧɚɥɚ ɢɥɢ ɨɫɧɨɜɧɨɝɨ 
ɦɟɠɞɭ eNB ɫɨɟɞɢɧɟɧɢɹ ɫ ɢɧɧɨɜɚɰɢɨɧɧɵɦ ɞɢɡɚɣɧɨɦ ɢ ɨɯɜɚɬɵɜɚɟɬ 
ɧɟɥɢɰɟɧɡɢɨɧɧɭɸ ɩɨɥɨɫɭ ɧɚ ɧɟɫɭɳɟɣ 60 ȽȽɰ. 




Ɋɢɫɭɧɨɤ 5.7 – ȼɧɟɲɧɢɣ ɜɢɞ ɛɥɨɤɨɜ RRU ɢ AIR. 
 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ 
ɜ ɝ. ɂɫɤɢɬɢɦ ɜɵɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɦɩɚɧɢɢ Ericsson. ȼɵɛɨɪ ɢɦɟɧɧɨ 
ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɜ ɧɟɦ ɢɦɟɟɬɫɹ ɩɨɥɧɵɣ ɫɩɟɤɬɪ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɨɜɪɟɦɟɧɧɨɣ, 
ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɫɟɬɢ ɫɜɹɡɢ. Ɍɚɤɠɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 










 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
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6. ɗɄɈɅɈȽɂɑȿɋɄȺə ȻȿɁɈɉȺɋɇɈɋɌɖ ɉɊɈȿɄɌȺ  
 
6.1 ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢɡɥɭɱɟɧɢɹ, ɢɯ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ 
ɱɟɥɨɜɟɤɚ ɢ ɩɪɢɧɰɢɩɵ ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ ɧɨɪɦɢɪɨɜɚɧɢɹ ɢ ɡɚɳɢɬɵ 
 
ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 
ɨɛɴɟɤɬɵ, ɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ 
ɧɟɢɨɧɢɡɢɪɭɸɳɟɣ ɩɪɢɪɨɞɵ, ɨɫɨɛɟɧɧɨ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɪɚɞɢɨɱɚɫɬɨɬɧɨɦɭ 
ɢɡɥɭɱɟɧɢɸ.  
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ - ɷɬɨ ɨɫɨɛɚɹ ɮɨɪɦɚ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɚɬɟɪɢɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ.       
Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, 
ɹɜɥɹɸɬɫɹ: ɱɚɫɬɨɬɚ, ɞɥɢɧɚ ɜɨɥɧɵ ɢ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.  
ɉɪɢɪɨɞɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɞɟɥɹɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. 
ɉɟɪɜɚɹ - ɩɨɥɟ Ɂɟɦɥɢ - ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɢ ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ 
ɩɨɥɟ. ȼɬɨɪɚɹ ɝɪɭɩɩɚ - ɪɚɞɢɨɜɨɥɧɵ, ɝɟɧɟɪɢɪɭɟɦɵɟ ɤɨɫɦɢɱɟɫɤɢɦɢ 
ɢɫɬɨɱɧɢɤɚɦɢ (ɋɨɥɧɰɟ, ɡɜɟɡɞɵ ɢ ɬ.ɞ.), ɚɬɦɨɫɮɟɪɧɵɟ ɩɪɨɰɟɫɫɵ - ɪɚɡɪɹɞɵ 
ɦɨɥɧɢɣ ɢ ɬ.ɞ.  
ȿɫɬɟɫɬɜɟɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ Ɂɟɦɥɢ ɫɨɡɞɚɟɬɫɹ ɢɡɛɵɬɨɱɧɵɦ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ; ɟɝɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɨɛɵɱɧɨ ɨɬ 100 
ɞɨ 500 ȼ/ɦ. Ƚɪɨɡɨɜɵɟ ɨɛɥɚɤɚ ɦɨɝɭɬ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɞɨ 
ɞɟɫɹɬɤɨɜ, ɚ ɬɨ ɢ ɫɨɬɟɧ ɤȼ/ɦ. 
Ⱥɧɬɪɨɩɨɝɟɧɧɵɟ ɢɫɬɨɱɧɢɤɢ ɞɟɥɹɬɫɹ ɧɚ 2 ɝɪɭɩɩɵ:  
1. ɂɫɬɨɱɧɢɤɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɢɡɥɭɱɟɧɢɣ (0 - 3 ɤȽɰ). ɗɬɚ ɝɪɭɩɩɚ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɟ ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɟɪɟɞɚɱɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ, 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɡɥɢɱɧɵɟ ɤɚɛɟɥɶɧɵɟ ɫɢɫɬɟɦɵ), ɞɨɦɚɲɧɸɸ ɢ ɨɮɢɫɧɭɸ 
ɷɥɟɤɬɪɨ- ɢ ɷɥɟɤɬɪɨɧɧɭɸ ɬɟɯɧɢɤɭ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɦɨɧɢɬɨɪɵ ɉК, ɬɪɚɧɫɩɨɪɬ ɧɚ 
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ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ, ɠ/ɞ ɬɪɚɧɫɩɨɪɬ ɢ ɟɝɨ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ, ɚ ɬɚɤɠɟ ɦɟɬɪɨ, 
ɬɪɨɥɥɟɣɛɭɫɧɵɣ ɢ ɬɪɚɦɜɚɣɧɵɣ ɬɪɚɧɫɩɨɪɬ.  
2.  ɂɫɬɨɱɧɢɤɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɡɥɭɱɟɧɢɣ (ɨɬ 3 ɤȽɰ ɞɨ 300 ȽȽɰ).   
К ɷɬɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɟɪɟɞɚɬɱɢɤɢ - ɢɫɬɨɱɧɢɤɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɥɹɯ ɩɟɪɟɞɚɱɢ ɢɥɢ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. ɗɬɨ 
ɤɨɦɦɟɪɱɟɫɤɢɟ ɩɟɪɟɞɚɬɱɢɤɢ (ɪɚɞɢɨ, ɬɟɥɟɜɢɞɟɧɢɟ), ɪɚɞɢɨɬɟɥɟɮɨɧɵ (ɚɜɬɨ-, 
ɪɚɞɢɨɬɟɥɟɮɨɧɵ, ɪɚɞɢɨ ɋȼ, ɥɸɛɢɬɟɥɶɫɤɢɟ ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɢ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɪɚɞɢɨɬɟɥɟɮɨɧɵ), ɧɚɩɪɚɜɥɟɧɧɚɹ ɪɚɞɢɨɫɜɹɡɶ (ɫɩɭɬɧɢɤɨɜɚɹ 
ɪɚɞɢɨɫɜɹɡɶ, ɧɚɡɟɦɧɵɟ ɪɟɥɟɣɧɵɟ ɫɬɚɧɰɢɢ), ɧɚɜɢɝɚɰɢɹ (ɜɨɡɞɭɲɧɨɟ 
ɫɨɨɛɳɟɧɢɟ, ɫɭɞɨɯɨɞɫɬɜɨ, ɪɚɞɢɨɬɨɱɤɚ), ɥɨɤɚɬɨɪɵ (ɜɨɡɞɭɲɧɨɟ ɫɨɨɛɳɟɧɢɟ, 
ɫɭɞɨɯɨɞɫɬɜɨ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɥɨɤɚɬɨɪɵ, ɤɨɧɬɪɨɥɶ ɡɚ ɜɨɡɞɭɲɧɵɦ 
ɬɪɚɧɫɩɨɪɬɨɦ). ɋɸɞɚ ɠɟ ɨɬɧɨɫɢɬɫɹ ɪɚɡɥɢɱɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢɫɩɨɥɶɡɭɸɳɟɟ ɋȼɑ-ɢɡɥɭɱɟɧɢɟ, ɩɟɪɟɦɟɧɧɵɟ (50 Ƚɰ - 1 ɆȽɰ) 
ɢ ɢɦɩɭɥɶɫɧɵɟ ɩɨɥɹ, ɛɵɬɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɋȼɑ-ɩɟɱɢ), ɫɪɟɞɫɬɜɚ 
ɜɢɡɭɚɥɶɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɯ ɬɪɭɛɤɚɯ 
(ɦɨɧɢɬɨɪɵ ɉК, ɬɟɥɟɜɢɡɨɪɵ ɢ ɩɪ.).  
ɋɬɟɩɟɧɶ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɚ 
ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɹ, ɪɟɠɢɦɚ ɟɝɨ ɝɟɧɟɪɚɰɢɢ (ɢɦɩɭɥɶɫɧɨɟ, ɧɟɩɪɟɪɵɜɧɨɟ), 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ.  
ɉɟɪɜɢɱɧɵɦ ɩɪɨɹɜɥɟɧɢɟɦ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ 
ɹɜɥɹɟɬɫɹ ɧɚɝɪɟɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ ɢ ɞɚɠɟ ɤ 
ɩɨɜɪɟɠɞɟɧɢɹɦ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ. Ɇɟɯɚɧɢɡɦ ɩɨɝɥɨɳɟɧɢɹ ɷɧɟɪɝɢɢ ɞɨɫɬɚɬɨɱɧɨ 
ɫɥɨɠɟɧ. ɇɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ 
ɹɜɥɹɸɬɫɹ ɰɟɧɬɪɚɥɶɧɚɹ ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ (ɫɭɛɴɟɤɬɢɜɧɵɟ ɨɳɭɳɟɧɢɹ ɩɪɢ ɷɬɨɦ - 
ɩɨɜɵɲɟɧɧɚɹ ɭɬɨɦɥɹɟɦɨɫɬɶ, ɝɨɥɨɜɧɵɟ ɛɨɥɢ ɢ ɬ. ɩ) ɢ ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɚɹ 
ɫɢɫɬɟɦɚ.  
ɋ ɧɚɪɭɲɟɧɢɟɦ ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɨɣ ɪɟɝɭɥɹɰɢɢ ɫɜɹɡɵɜɚɸɬ ɷɮɮɟɤɬ ɫɨ 
ɫɬɨɪɨɧɵ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ, ɫɢɫɬɟɦɵ ɤɪɨɜɢ, ɢɦɦɭɧɢɬɟɬɚ, 
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ɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɨɫɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɢ ɢ ɞɪ. ȼɥɢɹɧɢɟ ɧɚ 
ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ ɜɵɪɚɠɚɟɬɫɹ ɜ ɫɧɢɠɟɧɢɢ ɮɚɝɨɰɢɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɧɟɣɬɪɨɮɢɥɨɜ, ɢɡɦɟɧɟɧɢɹɯ ɤɨɦɩɥɢɦɟɧɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ, 
ɧɚɪɭɲɟɧɢɢ ɛɟɥɤɨɜɨɝɨ ɨɛɦɟɧɚ, ɭɝɧɟɬɟɧɢɢ Ɍ-ɥɢɦɮɨɰɢɬɨɜ. ȼɨɡɦɨɠɧɵ ɬɚɤɠɟ 
ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɩɭɥɶɫɚ, ɫɨɫɭɞɢɫɬɵɯ ɪɟɚɤɰɢɣ. Ɉɩɢɫɚɧɵ ɢɡɦɟɧɟɧɢɹ 
ɤɪɨɜɟɬɜɨɪɟɧɢɹ, ɧɚɪɭɲɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɷɧɞɨɤɪɢɧɧɨɣ ɫɢɫɬɟɦɵ, 
ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɡɚɛɨɥɟɜɚɧɢɹ ɨɪɝɚɧɨɜ ɡɪɟɧɢɹ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɪɟɛɵɜɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɚɫɬɭɩɚɸɬ ɩɪɟɠɞɟɜɪɟɦɟɧɧɚɹ ɭɬɨɦɥɹɟɦɨɫɬɶ, 
ɫɨɧɥɢɜɨɫɬɶ ɢɥɢ ɧɚɪɭɲɟɧɢɟ ɫɧɚ, ɩɨɹɜɥɹɸɬɫɹ ɱɚɫɬɵɟ ɝɨɥɨɜɧɵɟ ɛɨɥɢ, 
ɧɚɫɬɭɩɚɟɬ ɪɚɫɫɬɪɨɣɫɬɜɨ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɢ ɞɪ.  
Ɇɧɨɝɨɤɪɚɬɧɵɟ ɩɨɜɬɨɪɧɵɟ ɨɛɥɭɱɟɧɢɹ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɨɝɭɬ 
ɩɪɢɜɨɞɢɬɶ ɤ ɫɬɨɣɤɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɪɚɫɫɬɪɨɣɫɬɜɚɦ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ 
ɫɢɫɬɟɦɵ, ɫɬɨɣɤɢɦ ɧɟɪɜɧɨ-ɩɫɢɯɢɱɟɫɤɢɦ ɡɚɛɨɥɟɜɚɧɢɹɦ, ɢɡɦɟɧɟɧɢɸ ɤɪɨɜɹɧɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɡɚɦɟɞɥɟɧɢɸ ɩɭɥɶɫɚ, ɬɪɨɮɢɱɟɫɤɢɦ ɹɜɥɟɧɢɹɦ (ɜɵɩɚɞɟɧɢɸ ɜɨɥɨɫ, 
ɥɨɦɤɨɫɬɢ ɧɨɝɬɟɣ ɢ ɬ. ɩ.).  
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɜ ɨɫɧɨɜɭ ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ 
ɧɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ ɩɨɥɨɠɟɧɵ ɪɚɡɧɵɟ ɩɪɢɧɰɢɩɵ.   
Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɧɨɪɦɵ ɞɥɹ ɩɟɪɫɨɧɚɥɚ, ɤɨɬɨɪɵɣ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɧɚɯɨɞɢɬɫɹ ɜ 
ɷɬɨɣ ɡɨɧɟ, ɭɫɬɚɧɨɜɥɟɧɵ ȽɈɋɌ 12.3.002-75 («ɋɋȻɌ. ɉɪɨɰɟɫɫɵ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ»).  
Ⱦɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɦ ɭɪɨɜɧɟɦ ɧɚ 
ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠёɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɟ ɞɨɥɠɧɚ               
ɩɪɟɜɵɲɚɬɶ  8 ɤȺ/ɦ. 
Ɂɚɳɢɬɚ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ ɨɬ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɧɢɠɟɧɢɟ ɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɨ ɭɪɨɜɧɟɣ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 
ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ. Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɤɨɧɤɪɟɬɧɵɯ 
ɦɟɬɨɞɨɜ ɢ ɫɪɟɞɫɬɜ, ɭɱɟɬɨɦ ɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɩɪɨɫɬɨɬɨɣ ɢ 
ɧɚɞɟɠɧɨɫɬɶɸ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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6.2 Ɉɯɪɚɧɚ ɬɪɭɞɚ ɩɪɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬɚɯ. 
 
Ɉɛɨɪɭɞɨɜɚɧɢɟ ɤɨɦɩɚɧɢɢ «Ericsson», ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɚɧɧɨɣ 
ȼКɊ,  ɢɦɟɟɬ ɫɟɪɬɢɮɢɤɚɬ ɫɨɨɬɜɟɬɫɬɜɢɹ, ɫɨɞɟɪɠɚɳɢɣ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ɋɨɝɥɚɫɧɨ ɋɇ ɢ ɉ 12-03-01 «Ȼɟɡɨɩɚɫɧɨɫɬɶ ɬɪɭɞɚ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. 
ɑɚɫɬɶ1. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ» ɡɚɩɪɟɳɚɟɬɫɹ ɪɚɡɦɟɳɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 
ɩɪɨɢɡɜɨɞɢɬɶ ɟɝɨ ɦɨɧɬɚɠ ɢ ɧɚɫɬɪɨɣɤɭ ɜ ɩɨɦɟɳɟɧɢɹɯ, ɝɞɟ ɧɟ ɡɚɤɨɧɱɟɧɵ 
ɪɟɦɨɧɬɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ. 
ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ ɪɚɫɩɚɤɨɜɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɡɚɩɪɟɳɚɟɬɫɹ. Ɋɚɫɩɚɤɨɜɤɚ ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɩɨɦɟɳɟɧɢɢ, 
ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɫɦɟɠɧɨɦ ɢɥɢ ɩɨɛɥɢɡɨɫɬɢ ɨɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ. 
Ⱦɥɹ ɪɚɫɩɚɤɨɜɤɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɤɨɪɢɞɨɪ ɢɥɢ ɞɪɭɝɨɟ ɩɨɦɟɳɟɧɢɟ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɉɍɗ, ȽɈɋɌ 12.2.007.0-75 («ɋɋȻɌ. 
ɂɡɞɟɥɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ».) 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɢɡɨɥɹɰɢɢ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɜɵɲɟ 42 ȼ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢ ɜɵɲɟ 110 ȼ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ. 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ ɞɨɥɠɟɧ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɷɥɟɤɬɪɨɢɧɫɬɪɭɦɟɧɬ ɫ ɧɚɩɪɹɠɟɧɢɟɦ 42 ȼ. ɉɪɢ ɪɚɛɨɬɚɯ ɧɚ ɜɵɫɨɬɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɬɪɟɦɹɧɤɢ. ɉɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɪɟɦɨɧɬɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 
ɡɚɩɪɟɳɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɟɦɹɧɨɤ. 
ȼɫɟ ɪɚɛɨɬɵ ɞɨɥɠɧɵ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫɨɝɥɚɫɧɨ ɞɨɤɭɦɟɧɬɭ «ɉɪɚɜɢɥɚ ɩɨ ɨɯɪɚɧɟ 
ɬɪɭɞɚ ɩɪɢ ɪɚɛɨɬɚɯ ɧɚ ɬɟɥɟɮɨɧɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɬɟɥɟɝɪɚɮɚɯ» ɉɈɌ ɊɈ-45-007-
96.  
 
6.3 Ɍɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɧɬɟɧɧɨ – ɦɚɱɬɨɜɵɯ 
ɫɨɨɪɭɠɟɧɢɣ. 
ȼ ɞɚɧɧɨɣ ȼКɊ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɚɧɬɟɧɧ ɧɚ ɜɵɫɨɬɟ 32 ɦ. 
К ɪɚɛɨɬɚɦ ɧɚ ɜɵɫɨɬɟ ɞɨɩɭɫɤɚɸɬɫɹ ɥɢɰɚ, ɤɨɬɨɪɵɦ ɪɚɡɪɟɲɟɧɚ ɪɚɛɨɬɚ ɧɚ 
ɜɵɫɨɬɟ. Ɋɚɛɨɬɵ ɧɚ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɧɟ ɢɦɟɸɳɢɯ ɨɝɪɚɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɵ, 
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ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɯɨɞɨɦ ɡɚ ɩɪɟɞɟɥɵ ɨɝɪɚɠɞɟɧɢɣ, ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ 
ɜɟɪɯɨɥɚɡɚɦɢ. К ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ ɜɟɪɯɨɥɚɡɧɵɦ ɪɚɛɨɬɚɦ ɞɨɩɭɫɤɚɸɬɫɹ, ɥɢɰɚ 
(ɪɚɛɨɱɢɟ ɢ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɪɚɛɨɬɧɢɤɢ) ɧɟ ɦɨɥɨɠɟ 18 ɥɟɬ, ɩɪɨɲɟɞɲɢɟ 
ɦɟɞɢɰɢɧɫɤɢɣ ɨɫɦɨɬɪ ɢ ɩɪɢɡɧɚɧɧɵɟ ɝɨɞɧɵɦɢ, ɢɦɟɸɳɢɟ ɫɬɚɠ ɜɟɪɯɨɥɚɡɧɵɯ 
ɪɚɛɨɬ ɧɟ ɦɟɧɟɟ ɨɞɧɨɝɨ ɝɨɞɚ ɢ ɬɚɪɢɮɧɵɣ ɪɚɡɪɹɞ ɧɟ ɧɢɠɟ ɬɪɟɬɶɟɝɨ. 
ȼɟɪɯɨɥɚɡɧɵɦɢ ɫɱɢɬɚɸɬɫɹ ɪɚɛɨɬɵ, ɜɵɩɨɥɧɹɟɦɵɟ ɧɚ ɜɵɫɨɬɟ ɛɨɥɟɟ 5 ɦ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, ɩɟɪɟɤɪɵɬɢɹ ɢɥɢ ɪɚɛɨɱɟɝɨ ɧɚɫɬɢɥɚ, ɧɚɞ ɤɨɬɨɪɵɦɢ 
ɩɪɨɢɡɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɦɨɧɬɚɠɟ ɢɥɢ 
ɪɟɦɨɧɬɟ, ɩɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦ ɫɪɟɞɫɬɜɨɦ, ɩɪɟɞɨɯɪɚɧɹɸɳɢɦ ɪɚɛɨɬɚɸɳɢɯ ɨɬ 
ɩɚɞɟɧɢɹ ɫ ɜɵɫɨɬɵ, ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɩɨɹɫ. 
ɉɪɢ ɪɚɛɨɬɚɯ ɧɚ ɨɩɨɪɟ ɜ ɨɩɚɫɧɭɸ ɡɨɧɭ ɪɚɡɪɟɲɚɟɬɫɹ ɜɯɨɞɢɬɶ ɬɨɥɶɤɨ 
ɥɢɰɚɦ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵɦ ɫ ɪɚɛɨɬɨɣ, ɩɪɢ ɭɫɥɨɜɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɡɚɳɢɬɧɵɯ ɤɚɫɨɤ. Ɉɩɚɫɧɚɹ ɡɨɧɚ ɜɨɤɪɭɝ ɦɚɱɬ ɢ ɛɚɲɟɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɪɟɦɨɧɬɟ ɪɚɫɫɬɨɹɧɢɟɦ ɨɬ ɰɟɧɬɪɚ ɨɩɨɪɵ (ɦɚɱɬɵ, ɛɚɲɧɢ), 
ɪɚɜɧɵɦ 1/3 ɟɟ ɜɵɫɨɬɵ. 
ɉɨɞɴɟɦ ɥɸɞɟɣ ɧɚ ɚɧɬɟɧɧɨ-ɦɚɱɬɨɜɵɟ ɫɨɨɪɭɠɟɧɢɹ ɡɚɩɪɟɳɚɟɬɫɹ: 
 ɩɪɢ ɧɟɫɧɹɬɨɦ ɧɚɩɪɹɠɟɧɢɢ ɫɜɵɲɟ 42 ȼ; 
 ɜɨ ɜɪɟɦɹ ɝɪɨɡɵ ɢ ɩɪɢ ɟɟ ɩɪɢɛɥɢɠɟɧɢɢ; 
 ɩɪɢ ɝɨɥɨɥɟɞɟ, ɫɢɥɶɧɨɦ ɞɨɠɞɟ, ɫɧɟɝɨɩɚɞɟ ɢɥɢ ɬɭɦɚɧɟ; 
 ɩɪɢ ɧɟ ɩɪɢɫɬɟɝɧɭɬɨɦ ɤ ɥɸɥɶɤɟ ɤɚɪɚɛɢɧɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɩɨɹɫɚ; 
 ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɜɵɲɟ 12 ɦ/ɫ, ɜ ɬɟɦɧɨɟ ɜɪɟɦɹ; 
 ɧɚ ɩɨɞɴɟɦɧɨɦ ɭɫɬɪɨɣɫɬɜɟ, ɫɪɨɤ ɨɱɟɪɟɞɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɤɨɬɨɪɨɝɨ 
ɢɫɬɟɤ; 
 ɧɚ ɛɪɚɤɨɜɚɧɧɵɯ ɤɚɧɚɬɚɯ; ɩɪɢ ɧɟɢɫɩɪɚɜɧɨɣ ɥɟɛɟɞɤɟ; 
 ɛɟɡ ɡɚɳɢɬɧɨɣ ɤɚɫɤɢ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɩɨɹɫɚ. 
Ⱥɧɬɟɧɳɢɤɭ - ɦɚɱɬɨɜɢɤɭ ɪɚɡɪɟɲɚɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɪɟɦɨɧɬɧɵɟ ɪɚɛɨɬɵ ɧɚ 
ɨɩɨɪɟ ɥɢɲɶ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɧ ɩɪɢɤɪɟɩɢɬɫɹ ɤ ɟɟ ɤɨɧɫɬɪɭɤɰɢɹɦ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɦ ɩɨɹɫɨɦ. Кɪɚɫɢɬɶ ɨɩɨɪɵ ɫɥɟɞɭɟɬ ɫ ɥɟɫɬɧɢɰ, ɩɨɞɦɨɫɬɟɣ 
ɢɥɢ ɫ ɥɸɥɶɤɢ. 
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Ⱥɧɬɟɧɳɢɤɢ-ɦɚɱɬɨɜɢɤɢ ɞɨɥɠɧɵ ɪɚɛɨɬɚɬɶ ɜ ɡɚɳɢɬɧɵɯ ɤɚɫɤɚɯ ɢ 
ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɭɜɢ (ɫɚɩɨɝɢ, ɛɨɬɢɧɤɢ ɛɟɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɝɜɨɡɞɟɣ ɢ ɩɨɞɤɨɜɨɤ ɢ 
ɫ ɧɟɫɤɨɥɶɡɹɳɢɦɢ ɩɨɞɨɲɜɚɦɢ). 
Ɋɚɛɨɬɵ ɧɚ ȺɆɋ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟ ɦɟɧɟɟ ɱɟɦ ɞɜɭɦɹ 
ɦɚɱɬɨɜɢɤɚɦɢ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɧɚɛɥɸɞɚɸɳɢɦ. ɇɚɛɥɸɞɚɸɳɢɣ 
ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɨɬ ɰɟɧɬɪɚ ɨɫɧɨɜɚɧɢɹ ɨɩɨɪɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɛɥɢɠɟ 
ɨɞɧɨɣ ɬɪɟɬɢ ɟɟ ɜɵɫɨɬɵ ɢ ɢɦɟɬɶ ɩɪɢ ɫɟɛɟ ɦɨɧɬɟɪɫɤɢɣ ɩɨɹɫ, ɚ ɜ ɫɥɭɱɚɟ ɪɚɛɨɬ ɧɚ 
ɞɟɪɟɜɹɧɧɵɯ ɨɩɨɪɚɯ - ɢ ɤɨɝɬɢ. 
ɋɜɚɪɨɱɧɵɟ ɪɚɛɨɬɵ ɪɚɡɪɟɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɢɧɜɟɧɬɚɪɧɨɣ ɥɸɥɶɤɢ 
ɩɨɞɴɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɞɜɟɫɤɢ ɥɸɥɶɤɢ ɤ ɝɪɭɡɨɜɨɦɭ ɤɚɧɚɬɭ. 
ȼɨ ɜɪɟɦɹ ɝɪɨɡɵ ɢ ɩɪɢ ɟɟ ɩɪɢɛɥɢɠɟɧɢɢ ɡɚɩɪɟɳɚɟɬɫɹ ɧɚɯɨɞɢɬɶɫɹ ɨɤɨɥɨ 
ɡɚɡɟɦɥɢɬɟɥɟɣ. Ɋɚɛɨɬɵ ɧɚ ɚɧɬɟɧɧɨɦ ɩɨɥɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɤɪɚɬɢɬɶ, ɚ ɥɸɞɟɣ 
ɩɟɪɟɜɟɫɬɢ ɜ ɩɨɦɟɳɟɧɢɟ. ɇɚ ɦɟɫɬɚɯ ɭɫɬɚɧɨɜɤɢ ɡɚɡɟɦɥɢɬɟɥɟɣ ɞɨɥɠɧɵ ɛɵɬɶ 
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     7. ɌȿɏɇɂɄɈ – ɗɄɈɇɈɆɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ 
ɉɊɈȿɄɌȺ 
 
ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ȼКɊ ɩɪɨɜɨɞɢɬɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ 
ɨɪɝɚɧɢɡɚɰɢɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɜ ɝ. ɂɫɤɢɬɢɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɢ LTE. 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɢ ɪɚɫɱɟɬɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ 
ɮɢɧɚɧɫɨɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɡɜɢɬɢɹ ɫɜɹɡɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
 ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ; 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ; 
  ɬɚɪɢɮɧɵɟ ɞɨɯɨɞɵ; 
 ɮɨɧɞɨɨɬɞɚɱɚ, ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɭɫɥɭɝ ɢ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ; 
 ɩɪɢɛɵɥɶ ɢ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ. 
7.1 ɗɬɚɩ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɟɬɢ LTE 
 
ɇɚ ɷɬɚɩɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɟɬɢ LTE ɜ ɝ. ɂɫɤɢɬɢɦ ɩɥɚɧɢɪɭɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ 
ɦɟɪɨɩɪɢɹɬɢɹ: 
 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɚɞɢɨɛɚɲɧɢ, ɭɫɬɚɧɨɜɤɚ Ȼɋ, ɭɫɬɚɧɨɜɤɚ ɤɨɧɬɟɣɧɟɪɚ 
ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ Ȼɋ, ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ Ȼɋ; 
 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɧɚ ɭɱɚɫɬɤɚɯ; 
 ɭɫɬɚɧɨɜɤɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɚ «Cisco 7603 OSR» ɜ ɩɨɦɟɳɟɧɢɢ ȺɌɋ; 
 ɭɫɬɚɧɨɜɤɚ ɦɭɥɶɬɢɫɟɪɜɢɫɧɨɣ ɩɥɚɬɮɨɪɦɵ «CiscoASR 5000 PCS3» ɜ 
ɩɨɦɟɳɟɧɢɢ ɈɉɌɋ,  ɩɨɞɤɥɸɱɟɧɢɟ ɫɟɬɢ EPCLTE ɤ ɜɧɟɲɧɢɦ ɫɟɬɹɦ; 
 
 
7.1.1 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
 
Кɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɢ ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
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ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 
 ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 ɭɫɬɚɧɨɜɤɚ ɢ ɦɨɧɬɚɠ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
 ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ (ɋɆɊ); 
 ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ. 
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɜɫɟ ɡɚɬɪɚɬɵ ɩɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɸ ɜɜɨɞɚ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɟɬɢ LTE ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ 
ɩɪɨɜɚɣɞɟɪɚ ɭɫɥɭɝ. 
Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɤɥɚɞɤɭ ɤɚɛɟɥɹ. 
Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɤɥɚɞɤɭ ɤɚɛɟɥɹ (ɋΣ) ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
                                           ɋΣ = ɋɨɤ *·Lɨɤ,                                      (7.1) 
ɝɞɟ  ɋɨɤ – ɰɟɧɚ ɩɪɨɤɥɚɞɤɢ 1 ɤɦ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɜ ɬɪɭɛɟ, ɋɨɤ = 45000 
ɪɭɛ.; 
Lɨɤ – ɞɥɢɧɚ ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ, Lɨɤ =  12 ɤɦ. 
ɋΣ = 45000*12 = 540000 (ɪɭɛ.). 
Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 7.1. 
ɋɬɨɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɫɬɪɨɣɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ 
ɨɬ ɢɬɨɝɚ ɫɬɨɢɦɨɫɬɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɬɨɢɦɨɫɬɶ ɋɆɊ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɢɬɨɝɚ 
ɫɬɨɢɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɧɬɟɪɜɚɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɬ (15 – 30%). 
Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ ɫɨɫɬɚɜɥɹɸɬ 0,5%, ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ – 4%, 
ɡɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ – 1% ɨɬ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɋɬɨɢɦɨɫɬɶ ɧɟɭɱɬɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ – 10% ɨɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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Ɍɚɛɥɢɰɚ 7.1 – Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɬɟɯɧɢɱɟɫɤɚɹ 









Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ «RBS-6101», ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
«Ericsson» 
16 460000 7360000 
Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ «RBS-6302», ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
«Ericsson» 
17 270000 4590000 
Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ Ȼɋ RBS-6601 1 420000 420000 
RRU «RКНТШ 2217» ɩɪɨɢɡɜɨɞɢɬɟɥɶ «ErТМssШЧ» 48 73000 3504000 
Ⱥɧɬɟɧɧɚ ɩɪɢɟɦɨ-ɩɟɪɟɞɚɸɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶ 
«ErТМssШЧ» 
48 25000 1200000 
ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɦɨɧɬɚɠɚ 48 8000 384000 
EЯШХЯОН PКМФОЭ CШrО (EPC) 1 465000 465000 
Evolved Packet ɲɥɸɡ (EPG) SSR-8000 1 1650000 1650000 
Media Gateway 1 170000 170000 
ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɲɥɸɡɨɜ, SIP, MME 1 820000 820000 
ɂɬɨɝɨ 20563000 
Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ  0,5% 102815 
Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ  4% 822520 
Ɂɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ  1% 205630 
ɍɫɬɚɧɨɜɤɚ ɢ ɧɚɫɬɪɨɣɤɚ  15% 3084450 
ɋɭɦɦɚ 4215415 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɍɫɬɚɧɨɜɨɱɧɨ-ɦɨɧɬɚɠɧɵɟ ɤɨɦɩɥɟɤɬɵ 16 150000 2400000 
Ⱥɧɬɟɧɧɨ ɮɢɞɟɪɧɵɟ ɬɪɚɤɬɵ, ɫɢɝɧɚɥɢɡɚɰɢɹ ɢ 
ɊɊɅ 
16 15000 240000 
Кɨɧɬɟɣɧɟɪ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɢɣ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ eNB, 
ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «ɉɆК» 
16 18000 288000 
ɂȻɉ LТОЛОrЭ«GБT2-1500 RT230» 16 30000 480000 
Ȼɥɨɤ ɝɪɨɡɨɡɚɳɢɬɵ 16 1500 24000 
ɋɩɥɢɬ-ɫɢɫɬɟɦɚ «HТЭКМСТ LЮбЮrв RAS/RAC-0,8 
LH1/LH2» 
16 8000 128000 
Кɨɧɜɟɤɬɨɪ «TТЦТЭ А4CT 1104D 1500А» 16 2500 40000 
ɂɬɨɝɨ 3600000 
Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ  0,5% 18000 
Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ  4% 144000 
Ɂɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ  1% 36000 
ɋɆɊ  15% 540000 
ɂɬɨɝɨ 738000 
ɂɌɈȽɈ ɩɨ ɫɦɟɬɟ 29116415 
ɇɟɭɱɬɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  10% 2911641,5 
ɋΣ 12 ɤɦ. 45000 540000 
ȼɋȿȽɈ 32568056,5 
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Ɉɛɳɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɫɟɬɢ ɫɜɹɡɢ ɧɚ ɩɟɪɜɨɦ 
ɷɬɚɩɟ ɫɨɫɬɚɜɥɹɸɬ К = 32568056,5 ɪɭɛ. 
 
7.1.2 Ɋɚɫɱɟɬ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɪɚɫɯɨɞɚɦɢ (Ɋэɤ) ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ 
ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɭɫɥɭɝ ɫɜɹɡɢ. ȼ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɪɚɫɯɨɞɨɜ ɜɯɨɞɹɬ ɜɫɟ ɪɚɫɯɨɞɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɟɬɢ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɭɳɧɨɫɬɢ ɜɵɪɚɠɚɸɬ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɭɫɥɭɝ ɫɜɹɡɢ ɜ ɞɟɧɟɠɧɨɦ ɜɵɪɚɠɟɧɢɢ. ȼ ɫɜɹɡɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɝɪɭɩɩɢɪɨɜɤɢ ɡɚɬɪɚɬ ɩɨ 
ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɚɦ, ɩɪɢɧɹɬɨɣ ɞɥɹ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɷɤɨɧɨɦɢɤɢ 
ɩɪɟɞɩɪɢɹɬɢɣ ɜɫɟɯ ɮɨɪɦ ɫɨɛɫɬɜɟɧɧɨɫɬɢ: 
 ɡɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɪɚɛɨɬɧɢɤɨɜ; 
 ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ; 
 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
 ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ; 
 ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ; 
 ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɇɂɈКɊ. 
Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɱɢɫɥɟɧɧɨɫɬɶ ɲɬɚɬɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. ȼɵɛɪɚɧɧɨɟ ɜ ɞɢɩɥɨɦɧɨɦ 
ɩɪɨɟɤɬɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 
ɩɟɪɫɨɧɚɥɚ. ɉɨɷɬɨɦɭ ɜɫɹ ɝɪɭɩɩɚ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɭɞɟɬ 
ɫɨɫɬɨɹɬɶ ɢɡ ɧɢɠɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɥɹ ɚɜɚɪɢɣɧɨ-
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Ɍɚɛɥɢɰɚ 7.2 – ɋɨɫɬɚɜ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɞɨɥɠɧɨɫɬɟɣ Ɉɤɥɚɞ, ɪɭɛ. Кɨɥɢɱɟɫɬɜɨ, ɱɟɥ. ɋɭɦɦɚ ɡ/ɩ, ɪɭɛ. 
ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 22000 1 22000 
ɂɧɠɟɧɟɪ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ 
ɫɟɬɢ 
13000 1 13000 
ɗɥɟɤɬɪɨɦɟɯɚɧɢɤ 12000 1 12000 
Ɇɨɧɬɚɠɧɢɤ ɜɵɫɨɬɧɢɤ 12000 2 24000 
ɂɬɨɝɨ (ɎɁɉ) 5 71000 
 
ȼɟɥɢɱɢɧɭ ɨɛɳɟɝɨ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɨɩɥɚɬɵ ɬɪɭɞɚ (ФɈɌɝ) ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
ФɈɌɝ = ФЗɉ ·Nɦ·ɉɪ·Кɪ· Кɜɪ,                               (7.2) 
ɝɞɟ  ФЗɉ – ɨɫɧɨɜɧɨɣ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ФЗɉ = 71000 ɪɭɛ.; 
Nɦ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ, Nɦ = 12; 
ɉɪ – ɪɚɡɦɟɪ ɩɪɟɦɢɢ, ɉɪ = 1,25 (25%); 
Кɪ – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, Кɪ = 1,15; 
Кɜɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɥɚɬɭ ɡɚ ɪɚɛɨɬɭ ɫ ɜɪɟɞɧɵɦɢ 
ɭɫɥɨɜɢɹɦɢ ɬɪɭɞɚ, Кɜɪ = 1,04. 
ФɈɌɝ = 71000 · 12 ·  1,25 ·  1,15 ·  1,04 = 1273740 (ɪɭɛ.). 
ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ (ɋВ) ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ 
ɫɨɫɬɚɜɥɹɟɬ 30% ɨɬ ФɈɌ: 
                                         CВ = ФɈɌɝ· 0,3                               (7.3) 
ɋВ = 1273740 · 0,3 = 382122 (ɪɭɛ.) 
 




Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (Ⱥ) ɧɚ ɩɨɥɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
А = Кɨɫɧ.i·ɇа.i,                             (7.4) 
ɝɞɟ  Кɨɫɧ.i – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ                              
(Кɨɫɧ.i ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɤ ɤɚɩɢɬɚɥɶɧɵɦ ɜɥɨɠɟɧɢɹɦ); 
ɇа.i – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ,      ɇа.i = 
5%. 
А = 32568056,5* 0,05 = 1628402,825 (ɪɭɛ.). 
Ɇɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ. 
ȼɟɥɢɱɢɧɚ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ (Мɡ) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɥɚɬɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ 
ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ. ɋɨɫɬɚɜɥɹɸɳɢɟ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
Мɡ = Зэɧ + Зɦ,                                 (7.5) 
ɝɞɟ  Зэɧ – ɡɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
Зɦ – ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ. 
Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 
Зэɧ = Ɍ · 24 · 365 · Ɋ,                           (7.6) 
ɝɞɟɌ – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, Ɍ = 3,09 ɪɭɛ./ɤȼɬ/ɱɚɫ; 
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Ɋ – ɦɨɳɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɥɹ eNB Ɋ = 1,07 ɤȼɬ. 
Зэɧ = 3,09 ·  24 ·  365 · 1,07 = 28963,188 (ɪɭɛ.). 
Ɂɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ ɫɨɫɬɚɜɥɹɸɬ1 % ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 
ɜɥɨɠɟɧɢɣ К ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
Зɦ = К· 0,01                               (7.7) 
Зɦ = 32568056,5 *  0,01 = 325680,565 (ɪɭɛ.). 
ȼɟɥɢɱɢɧɚ ɨɛɳɢɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɫɨɫɬɚɜɢɬ: 
Мɡ = 28963,188 + 325680,565= 354643,753 (ɪɭɛ.). 
Ⱥɪɟɧɞɚ ɦɟɫɬɚ ɩɨɞɜɟɫɚ ɞɥɹ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɧɚ ɪɚɞɢɨɛɚɲɧɟ ɭ 
ɨɩɟɪɚɬɨɪɨɜ ɩɨɞɜɢɠɧɨɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ. Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɦɟɫɬ ɩɨɞɜɟɫɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
Зɨɛɳ. аɪ. = Заɪ·Nаɪ,                                 (7.8) 
ɝɞɟ  Заɪ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɦɟɫɬɚ ɩɨɞɜɟɫɚ ɜ ɝɨɞ, Заɪ = 120000 ɪɭɛ. 
Nаɪ – ɤɨɥɢɱɟɫɬɜɨ ɚɪɟɧɞɭɟɦɵɯ ɦɟɫɬ ɩɨɞɜɟɫɚ, Nаɪ = 16. 
Зɨɛɳ. аɪ. = 120000·16 = 1920000 (ɪɭɛ.). 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɨɛɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɵɟ ɪɚɫɯɨɞɵ, ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɡɞɚɧɢɣ, 
ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɧɚɥɨɝɨɜ, ɫɬɪɚɯɨɜɚɧɢɟ ɢɦɭɳɟɫɬɜɚ, ɪɚɫɯɨɞɵ ɧɚ ɪɟɤɥɚɦɭ, ɚɭɞɢɬ 
ɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɤɢɟ ɪɚɫɯɨɞɵ. ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
Зɩɪ = 0,4 · ФɈɌ                                           (7.9) 
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Зɩɪ = 0,4 ·  1273740 = 509496 (ɪɭɛ.). 
Ɂɚɬɪɚɬɵ ɧɚ ɚɪɟɧɞɭ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ:  
Зɱаɫɬ  = 1 789 200  (ɪɭɛ.)       
Ɍɚɤ ɤɚɤ: 
                Зɱаɫɬ                         (7.10) 
ɝɞɟ: 
Зɱаɫɬ – ɡɚɬɪɚɬɵ ɧɚ ɚɪɟɧɞɭ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ, ɪɭɛ; 
 - ɫɬɚɜɤɚ ɪɚɡɨɜɨɣ ɩɥɚɬɵ; 
 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɢɚɩɚɡɨɧ 
ɪɚɞɢɨɱɚɫɬɨɬ; 
 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɪɚɞɢɨɱɚɫɬɨɬ (ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ); 
 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɯɧɨɥɨɝɢɸ, ɩɪɢɦɟɧɹɟɦɭɸ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. 
ȼɵɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                                     (7.11) 
 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ, 
ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. 
ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɪɚɞɢɨɬɟɯɧɨɥɨɝɢɣ ɫɬɚɧɞɚɪɬɚ LTE ɢ ɟɝɨ 
ɩɨɫɥɟɞɭɸɳɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɤɨɷɮɮɢɰɢɟɧɬ  = 0,1. 
 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɞɟɥɟɧɧɵɯ ɩɨɥɨɫ ɪɚɞɢɨɱɚɫɬɨɬ ɜ ɫɭɛɴɟɤɬɟ (ɱɚɫɬɢ 
ɫɭɛɴɟɤɬɚ) Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. (Ⱦɥɹ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ 1,8) 
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 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɫɨɰɢɚɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 
ɜɧɟɞɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ. 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ LTE    = 1. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
Кɬɟх = 0.1 * 1,8 * 1 = 0,18  
ɋɥɟɞɨɜɚɬɟɥɶɧɨ: 
 = 70 000 *2 * 71 * 0,18 = 1 789 200 ɪɭɛ.  
Ɋɟɡɭɥɶɬɚɬɵ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢɜɟɞɟɧɵ ɜ    
ɬɚɛɥɢɰɟ 7.3. 
Ɍɚɛɥɢɰɚ 7.3 – Ƚɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 
ȼɢɞɵ ɪɚɫɯɨɞɨɜ ɋɭɦɦɚ ɪɚɫɯɨɞɨɜ, ɪɭɛ. 
Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɝɨɞɨɜɨɣ (ФɈɌɝ) 1273740 
ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ 
ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ (ɋВ) 382122 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (А)             1 628 402,83   
Ɇɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ (Мɡ)             354643,753 
Ⱥɪɟɧɞɚ ɦɟɫɬ ɩɨɞɜɟɫɚ Ȼɋ (Зɨɛɳ.аɪ) 1920000 
ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ (Зɩɪ) 509496 
Ⱥɪɟɧɞɚ ɱɚɫɬɨɬɵ 1 789 200 
ȼɋȿȽɈ             7857604,583 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɜɧɵ             
7857604,583 ≈ 8 ɦɥɧ. ɪɭɛ. 
 
7.1.3 Ɋɚɫɱɟɬ ɬɚɪɢɮɧɵɯ ɞɨɯɨɞɨɜ 
 
Ⱦɚɧɧɚɹ ɫɟɬɶ LTE ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɩɪɢɧɰɢɩɚ, ɱɬɨ ɤ ɧɟɣ 
ɩɨɞɤɥɸɱɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɛɨɧɟɧɬɨɜ. ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɫɟɬɶ LTE 
ɛɭɞɟɬ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɚɛɨɧɟɧɬɚɦ ɭɫɥɭɝɢ ɝɨɥɨɫɨɜɨɣ ɫɜɹɡɢ, ɜɢɞɟɨɫɜɹɡɢ, 
ɩɟɪɟɞɚɱɭ SMS, MMS, ɭɫɥɭɝɢ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ. 
ɇɚɫɟɥɟɧɢɟ ɜ ɝ. ɂɫɤɢɬɢɦ ɫɨɫɬɚɜɥɹɟɬ 57416 ɱɟɥɨɜɟɤ. Ɋɚɫɫɱɢɬɚɟɦ 
ɩɪɢɦɟɪɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɤɥɸɱɢɜɲɢɯɫɹ ɚɛɨɧɟɧɬɨɜ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ 
КɋɈɐ
КɋɈɐ
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ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɫɟɬɢ ɂɧɬɟɪɧɟɬ ɱɟɪɟɡ USB-LTE ɦɨɞɟɦ (Nаɛ.иɧɬ), ɭɱɢɬɵɜɚɹ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɭɫɥɭɝɢ 65% 
Ɍɚɤ ɤɚɤ USB-LTE ɦɨɞɟɦ ɨɛɵɱɧɨ ɩɨɤɭɩɚɟɬɫɹ ɨɞɢɧ ɧɚ ɫɟɦɶɸ, ɚ ɫɟɦɶɹ 
ɫɨɫɬɨɢɬ ɜ ɫɪɟɞɧɟɦ ɢɡ ɬɪɟɯ ɱɟɥɨɜɟɤ, ɬɨ Nаɛ.иɧɬ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ: 
Nаɛ.иɧɬ = (57416/3)*0.65= 12440 (ɱɟɥɨɜɟɤ). 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɬɚɪɢɮɧɵɟ ɩɥɚɧɵ ɩɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 
ɂɧɬɟɪɧɟɬ ɫ ɩɨɦɨɳɶɸ USB-LTE ɦɨɞɟɦɨɜ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 7.4. 















Ɍ1 ɞɨ 500 ɤɛɢɬ/ɫ 350 - 25 300 
Ɍ2 ɞɨ 1 Ɇɛɢɬ/ɫ 400 - 25 300 
Ɍ3 ɞɨ 2 Ɇɛɢɬ/ɫ 450 - 20 240 
Ɍ4 ɞɨ 4 Ɇɛɢɬ/ɫ 500 50 Ƚɛ 15 180 
Ɍ5 ɞɨ 6 Ɇɛɢɬ/ɫ 550 70 Ƚɛ 15 150 
 
ɋɭɦɦɚɪɧɵɣ ɬɚɪɢɮɧɵɣ ɞɨɯɨɞ ɨɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝɢ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 
ɂɧɬɟɪɧɟɬ ɫ ɩɨɦɨɳɶɸ USB-LTE ɦɨɞɟɦɚ (D1) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 �ଵ = ∑ �ܶ ∙ �ܰ ∙ ͳʹ� ,                                            (7.12) 
 
ɝɞɟ TТ – ɫɬɨɢɦɨɫɬɶ ɬɚɪɢɮɧɨɝɨ ɩɥɚɧɚ; 





0000+99000] ·12= 522000 (ɪɭɛ.) 
 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
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Ⱦɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ USB-LTE ɦɨɞɟɦɨɜ (D2) ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 
D2 = Nаɛ.иɧɬ·(Zɩ – Zɡ),                                  (7.13) 
 
ɝɞɟ  Zɩ – ɫɬɨɢɦɨɫɬɶ ɩɪɨɞɚɠɢ ɨɞɧɨɝɨ USB-LTE ɦɨɞɟɦɚ, Zɩ = 2999 ɪɭɛ.; 
Zɡ – ɡɚɤɭɩɨɱɧɚɹ ɰɟɧɚ ɨɞɧɨɝɨ USB-LTE ɦɨɞɟɦɚ, Zɡ = 2000 ɪɭɛ. 
D2 = 12440 · (2999 – 2000) = 12427560 (ɪɭɛ.). 
Ɉɛɳɢɣ ɬɚɪɢɮɧɵɣ ɞɨɯɨɞ ɨɬ ɭɫɥɭɝ ɫɜɹɡɢ ɫɟɬɢ LTE ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
Dɨɛɳ = D1+D2                                         (7.14) 
Dɨɛɳ = 522000 + 12427560 = 12949560 (ɪɭɛ.). 
 
7.1.4 Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜ 
ɩɟɪɜɵɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – ɜɪɟɦɟɧɧɨɣ ɩɟɪɢɨɞ, ɤɨɝɞɚ ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɩɪɨɟɤɬ 
ɧɚɱɢɧɚɟɬ ɩɪɢɧɨɫɢɬɶ ɩɪɢɛɵɥɶ, ɩɪɟɜɨɫɯɨɞɹɳɭɸ ɟɠɟɝɨɞɧɵɟ ɡɚɬɪɚɬɵ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɧɰɢɩɨɦ 
ɪɚɫɱёɬɚ ɱɢɫɬɨɝɨ ɞɟɧɟɠɧɨɝɨ ɞɨɯɨɞɚ (NPV), ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɟɥɢɱɢɧɭ 
ɞɨɯɨɞɚ ɧɚ ɤɨɧɟɰ Т-ɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ 
ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɜɟɥɢɱɢɧɵ ɢɫɯɨɞɧɵɯ ɢɧɜɟɫɬɢɰɢɣ (IC) ɫ ɨɛɳɟɣ ɫɭɦɦɨɣ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɱɢɫɬɵɯ ɞɟɧɟɠɧɵɯ ɩɨɫɬɭɩɥɟɧɢɣ (PV) ɡɚ ɜɟɫɶ ɪɚɫɱɟɬɧɵɣ 
ɩɟɪɢɨɞ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɫɬɶ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɨɯɨɞɨɜ ɢ ɢɧɜɟɫɬɢɰɢɣ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
                                              
ICPVNPV 
                          (7.15) 
ɝɞɟ  PV – ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ,  
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
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IC –  ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɧɚɱɚɥɟ Ч-ɝɨ ɩɟɪɢɨɞɚ. 








                                 (7.16)
 
ɝɞɟ ɊЧ – ɞɨɯɨɞ, ɩɨɥɭɱɟɧɧɵɣ ɜ n-ɨɦ ɝɨɞɭ,  
i – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ,  
Ɍ – ɤɨɥɢɱɟɫɬɜɨ ɥɟɬ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ. 








                                (7.17)
 
ɝɞɟ  IЧ – ɢɧɜɟɫɬɢɰɢɢ ɜ Ч-ɨɦ ɝɨɞɭ,  
i – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ,  
m – ɤɨɥɢɱɟɫɬɜɨ ɥɟɬ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜɵɩɥɚɬɵ. 
ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, 
ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɹɜɥɹɟɬɫɹ ɤɭɦɭɥɹɬɢɜɧɵɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɧɟɟ 
ɜɵɛɢɪɚɟɬɫɹ ɫɪɟɞɧɹɹ ɫɬɚɜɤɚ ɩɨ ɞɨɥɝɨɫɪɨɱɧɵɦ ɜɚɥɸɬɧɵɦ ɞɟɩɨɡɢɬɚɦ ɩɹɬɢ 
ɤɪɭɩɧɟɣɲɢɯ ɪɨɫɫɢɣɫɤɢɯ ɛɚɧɤɨɜ, ɜɤɥɸɱɚɹ ɋɛɟɪɛɚɧɤ ɊɎ. Ɉɧɚ ɫɨɫɬɚɜɥɹɟɬ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 10 % ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɜɧɭɬɪɟɧɧɢɯ ɪɵɧɨɱɧɵɯ ɮɚɤɬɨɪɨɜ.  
ɉɚɪɚɦɟɬɪ P ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɛɵɥɶ, ɩɨɥɭɱɟɧɧɭɸ ɡɚ ɧɟɤɨɬɨɪɵɣ ɝɨɞ, ɛɟɡ 
ɭɱɟɬɚ ɩɪɟɞɵɞɭɳɢɯ ɥɟɬ.  
Ɍɚɛɥɢɰɚ 7.6 – Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɚ ɫ ɭɱɟɬɨɦ ɞɢɫɤɨɧɬɚ 
Ƚɨɞ Ɋ PV I IC NPV 
1 2 3 4 5 6 
0 0 0 42 214 861 42214861,08 -42214861,08 
1 5880000 5 345 455 7857605 49358137,98 -44012683,43 
2 12936000 16 036 364 7857605 55852026,06 -39815662,43 
 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7.6 
1 2 3 4 5 6 
3 30576000 39 008 565 7857605 61755560,68 -22746995,7 
4 74092000 89 614 398 7857605 67122410,34 22491987,58 
5 132300000 171 762 289 7857605 72001364,58 99760924,39 
6 275184000 327 096 483 7857605 76436777,52 250659705,4 
7 523908000 595 944 126 7857605 80468971,1 515475155,2 
 
Кɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɞɨɯɨɞɚɦɢ ɢ 
ɪɚɫɯɨɞɚɦɢ ɩɨɹɜɥɹɟɬɫɹ ɧɚ 4 ɝɨɞɭ. Ɍɨɱɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɢɜɟɞɟɧ ɧɢɠɟ.  
Ɍɨɱɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
                               
)|1/(| nNPVnNPVnNPVTPP 
        (7.18) 
ɝɞɟ Ɍ – ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɚ, ɤɨɝɞɚ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɦɟɧɹɟɬ ɡɧɚɤ ɫ 
«-»  ɧɚ «+»;   
NPVn – ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɜ Ч ɝɨɞɭ;  
NPVn-1  – ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɩɨ ɦɨɞɭɥɸ ɜ Ч-1 
ɝɨɞɭ. 
ɊɊ=4+22491987,58/(22746995,7 + 22491987,58) = 4,5 ɝɨɞɚ. 
ɂɧɞɟɤɫ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɞɨɯɨɞɨɜ ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɬɭ ɠɟ 
ɞɚɬɭ ɢɧɜɟɫɬɢɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                   












                   (7.19)
 
PI > 1, ɬɨ ɩɪɨɟɤɬ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ; ɟɫɥɢ PI < 1, ɬɨ ɩɪɨɟɤɬ ɫɥɟɞɭɟɬ 
ɨɬɜɟɪɝɧɭɬɶ; ɟɫɥɢ PI = 1, ɬɨ ɩɪɨɟɤɬ ɧɢ ɩɪɢɛɵɥɶɧɵɣ, ɧɢ ɭɛɵɬɨɱɧɵɣ. 
PI= 74092000 / 67122410,34 = 1,1 
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Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɵɣ IP>1 ɢ ɪɚɜɟɧ 1,1 ɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɪɟɧɬɚɛɟɥɶɧɵɦ. 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ (IRR) – ɧɨɪɦɚ ɩɪɢɛɵɥɢ, ɩɨɪɨɠɞɟɧɧɚɹ 
ɢɧɜɟɫɬɢɰɢɟɣ. ɗɬɨ ɬɚ ɧɨɪɦɚ ɩɪɢɛɵɥɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɢɫɬɚɹ ɬɟɤɭɳɚɹ ɫɬɨɢɦɨɫɬɶ 
ɢɧɜɟɫɬɢɰɢɢ ɪɚɜɧɚ ɧɭɥɸ, ɢɥɢ ɷɬɨ ɬɚ ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɟ ɞɨɯɨɞɵ ɨɬ ɩɪɨɟɤɬɚ ɪɚɜɧɵ ɢɧɜɟɫɬɢɰɢɨɧɧɵɦ ɡɚɬɪɚɬɚɦ. 
ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɟɦɥɟɦɭɸ ɫɬɚɜɤɭ 
ɞɢɫɤɨɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɢɧɜɟɫɬɢɪɨɜɚɬɶ ɫɪɟɞɫɬɜɚ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɨɬɟɪɶ 
ɞɥɹ ɫɨɛɫɬɜɟɧɧɢɤɚ. 




ɝɞɟ Т – ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  
Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɹ IRR ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɢɬɟɪɚɰɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɸɬɫɹ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɧɨɪɦɵ ɞɢɫɤɨɧɬɚ  Т1 ɢ Т2, 
ɱɬɨɛɵ ɜ ɢɯ ɢɧɬɟɪɜɚɥɟ ɮɭɧɤɰɢɹ NPV ɦɟɧɹɥɚ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɫ «+» ɧɚ «–», ɢɥɢ 
ɧɚɨɛɨɪɨɬ. Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ ɞɟɥɚɟɬɫɹ ɪɚɫɱɟɬ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɵ ɞɨɯɨɞɧɨɫɬɢ: 







               (7.20)
 
ɝɞɟ Т1 – ɡɧɚɱɟɧɢɟ ɬɚɛɭɥɢɪɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɢ 
ɤɨɬɨɪɨɦ NPV>0; Т2 – ɡɧɚɱɟɧɢɟ ɬɚɛɭɥɢɪɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ NPV<0. 
          I1=10; NPV1= 22491987,58 
          I2=20; NPV2= -1648003,82 
)1020(
2)-1648003,8(822491987,5
822491987,510 IRR = 19,3 % 
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ɋɨɝɥɚɫɧɨ ɪɚɫɱёɬɚɦ, ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 
19,3 %, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɰɟɧɵ ɤɚɩɢɬɚɥɚ, ɡɚ ɤɨɬɨɪɨɟ ɩɪɢɧɹɬɨ  
10 %, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɨɟɤɬ ɜɵɝɨɞɟɧ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɢɡɜɟɞёɧɧɵɯ ɪɚɫɱёɬɨɜ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɟ 7.7. 
Ɍɚɛɥɢɰɚ 7.7-Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɉɨɤɚɡɚɬɟɥɢ Ɂɧɚɱɟɧɢɟ 
ȿɦɤɨɫɬɶ ɫɟɬɢ (USB/ɦɨɛ.), ɚɛɨɧɟɧɬɨɜ 12440 
ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ, Ƚɛɢɬ/ɫ 2524,32 
Кɨɥɢɱɟɫɬɜɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɫɬɚɧɞɚɪɬɚ LTE, ɲɬ. 16 
Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɨɛɳɢɟ, ɪɭɛ. 32 568 056,5 
Ƚɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɭɛ. 7 857 604,583 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɥɟɬ 4 ɝɨɞɚ 6 ɦɟɫɹɰɟɜ 
Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɨ ɱɢɫɬɨɣ ɩɪɢɛɵɥɢ, % 12,5 
ɑɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ, ɱɟɥɨɜɟɤ 5 
IRR,% 19,3 
ɉɨɥɭɱɟɧɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɬɨɦ, ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ LTE ɜ ɝ. ɂɫɤɢɬɢɦ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɟɝɨ 
ɪɟɚɥɢɡɚɰɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɚ. 





ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɦɭɥɶɬɢɫɟɪɜɢɫɧɚɹ ɫɟɬɶ ɫɜɹɡɢ ɫ ɨɪɝɚɧɢɡɚɰɢɟɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ ɜ 
ɝɨɪɨɞɟ ɂɫɤɢɬɢɦ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɨɛɥɚɫɬɢ. ȼɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ. Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɟɣ 
ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɚɛɨɧɟɧɬɨɜ ɫɟɬɢ – 11500 ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ȼɵɥɨ ɪɟɲɟɧɨ ɩɪɟɞɨɫɬɚɜɥɹɬɶ 
ɚɛɨɧɟɧɬɚɦ ɬɚɤɢɟ ɨɫɧɨɜɧɵɟ ɭɫɥɭɝɢ Triple Play Services, ɬɚɤɢɟ ɤɚɤ ɭɫɥɭɝɢ IP 
ɬɟɥɟɮɨɧɢɢ, IP ɬɟɥɟɜɢɞɟɧɢɹ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɞɨɫɬɭɩɚ ɤ ɝɥɨɛɚɥɶɧɨɣ ɫɟɬɢ 
Internet. 
Ⱦɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɜɫɟɝɨ ɩɟɪɟɱɧɹ ɭɫɥɭɝ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ɇɋɋ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɬɟɯɧɨɥɨɝɢɢ «Gigabit Ethernet» – ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɫɟɬɢ, ɢ ɬɟɯɧɨɥɨɝɢɹ ɛɟɫɩɪɨɜɨɞɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ «LTE» – ɞɥɹ ɱɚɫɬɧɨɝɨ 
ɫɟɤɬɨɪɚ. ɋɟɬɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɮɢɪɦɵ-ɩɪɨɢɡɜɨɞɢɬɟɥɹ 
«Ericsson». 
Ⱦɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɦɭɥɶɬɢɫɟɪɜɢɫɚ ɛɵɥɨ ɪɟɲɟɧɨ ɚɪɟɧɞɨɜɚɬɶ 
ɤɚɧɚɥɵ ɭ ɦɟɫɬɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɫɜɹɡɢ «Ɋɨɫɬɟɥɟɤɨɦ» ɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ.  
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɟ ɫɤɥɚɞɵɜɚɥɢɫɶ ɢɡ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 
ɫɜɹɡɢ, ɚ ɬɚɤɠɟ ɚɧɬɟɧɧɨ-ɦɚɱɬɨɜɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɉɟɪɜɨɧɚɱɚɥɶɧɵɟ 
ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɫɨɫɬɚɜɢɥɢ 32568056,5 ɪɭɛɥɟɣ. Ɍɚɤ ɠɟ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ ɢ ɱɢɫɬɵɣ ɞɨɯɨɞ. 
Ɇɭɥɶɬɢɫɟɪɜɢɫɧɚɹ ɫɟɬɶ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɢɡ 
ɪɚɫɱɟɬɚ ɩɨɤɪɵɬɢɹ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɚɛɨɧɟɧɬɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɟɬɢ 
ɜɨɡɦɨɠɧɨ ɞɨɛɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɫɬɭɩɚ, ɬɚɤ ɤɚɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
85 11070006.11.03.02.111.ɉɁȼКɊ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 
ɝɢɛɤɨɫɬɶ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɫɟɬɢ.  
 ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 
Ʌɢɫɬ 
86 11070006.11.03.02.111.ɉɁȼКɊ 
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19. Ⱥɤɬɭɚɥɶɧɵɟ ɧɨɜɨɫɬɢ ɢɡ ɦɢɪɚ ɦɨɛɢɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]/ Ɇɨɛɢɥɶɧɵɣ ɮɨɪɭɦ Ɋɨɫɫɢɢ/ URL: 
http://www.mforum.ru/ ЧОаs/КrЭТМХО/1167506437.СЭЦ  (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 
23.04.2016) 
 
 Вɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɦɧɨɣ ɫɨɜɟɪɲɟɧɧɨ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. Вɫɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɚɬɟɪɢɚɥɵ ɢ ɤɨɧɰɟɩɰɢɢ ɢɡ 
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